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(54) METHOD AND CIRCUIT FOR IMPEDANCE MATCHING 

(57)Abstract: 

PROBLEM TO BE SOLVED: To match impedance with an optimum value in different 
frequency bands. 

SOLUTION: A 1st reactance circuit 10a with reactance X1 and a 2nd reactance 
circuit 20a with reactance X2 are provided. The 1st reactance circuit 10a consists of 
a parallel resonance circuitconsisting of a coil 12 and a capacitor 13 and a coil 11 
connected in series with it. The 2nd reactance circuit 20a consists of a parallel 
resonance circuitconsisting of a coil 22 and a capacitor 23 and a coil 21 connected in 
series with it. The reactance circuits 10a and 20a have frequency characteristics 
which impart specific reactance values at 2 or more differing frequencies. 



CLAIMS 



[Claim(s)] 

[Claim 1]An impedance-matching method characterized by comprising the following of 
performing impedance matching in two or more different frequency between the 1st 
circuit and the 2nd circuit using impedance matching circuits containing two or more 
reactive elements. 

The 1st step that constitutes a reactive circuit with a frequency characteristic which 
moreover gives [ in / it is equivalent to each of two or more reactive elements in said 



impedance matching circuitsand / said two or more different frequency ] desired 
reactance valuesrespectively. 

The 2nd step that computes reactance values of a reactive element which forms 
each of said reactive circuit which comprised said 1st step. 

Said reactive circuit which has the reactance values computed at said 2nd step is 
usedThe 3rd step that determines and has an impedance value of said impedance 
matching circuits in said two or more different frequencyand makes an impedance 
value of said 1st circuitand an impedance value of said 2nd circuit match with those 
optimum values in these different **** frequency. 

[Claim 2]An impedance-matching method according to claim 1 that each of said 
reactive circuit which comprised said 1st step includes a resonant circuitand 
moreover resonance frequency of the resonant circuit is located between two 
frequency adjoined of said two or more different frequency. 

[Claim 3]An impedance-matching method according to claim 2 that said resonant 

circuit is a parallel resonant circuit of two or more reactive elements. 

[Claim 4]An impedance-matching method according to claim 2 that said resonant 

circuit is a parallel resonant circuit containing an inductive reactance device 

connected in parallel mutually and a capacitive reactance element. 

[Claim 5]An impedance-matching method according to claim 2 that said resonant 

circuit is a series resonant circuit of two or more reactive elements. 

[Claim 6]An impedance-matching method according to claim 2 that said resonant 

circuit is a series resonant circuit containing an inductive reactance device connected 

in series mutually and a capacitive reactance element. 

[Claim 7]Calculation of reactance values in said 2nd step is performed using a smith 
chart or an admittance chart arranged to the central pointand a point corresponding 
to an impedance value of said 2nd circuit in one of said two or more different 
frequency moreoverA step which arranges a point corresponding to an impedance 
value of said 1st circuit in said two or more different frequency on said smith chart or 
an admittance chartrespectively in that caseA point respectively corresponding to an 
impedance value of said 1st circuit arranged on said smith chart or an admittance 
chartA step movedrespectively on the common circumference passing through the 
central point of said smith chart or an admittance chartAn impedance-matching 
method according to any one of claims 1 to 6 by which a step to which a point 
corresponding to an impedance value of said 1st circuit where you were made to 
move on said common circumference is movedrespectively so that it may lap with 
said central point is performed. 

[Claim 8]Have the following and each of two or more of said impedance circuitslt has 
a reactive circuit with a frequency characteristic which gives predetermined 
reactance values in said two or more different frequencyrespectivelyln these different 
**** frequencya predetermined impedance value is set up by the reactive 



circuitrespectivelyAnd a synthetic impedance value of two or more of said impedance 
circuits in these different **** frequency. It is characterized by being set up make an 
impedance value of said 1st circuitand an impedance value of said 2nd circuit match 
with those optimum values. Impedance matching circuits used in order to perform 
impedance matching in two or more different frequency between the 1st circuit and 
the 2nd circuit. 

The 1st terminal pair to which said 1st circuit is connected. 
The 2nd terminal pair to which said 2nd circuit is connected. 

Two or more impedance circuits provided between said 1st terminal pair and said 2nd 
terminal pair. 

[Claim 9]The impedance matching circuits according to claim 8 where each of two or 
more of said reactive circuits includes a resonant circuitand resonance frequency of 
the resonant circuit is moreover located between two frequency adjoined of said two 
or more different frequency. 

[Claim 10]The impedance matching circuits according to claim 9 in which said 
resonant circuit is a parallel resonant circuit of two or more reactive elements. 
[Claim 1 1]The impedance matching circuits according to claim 9 which are parallel 
resonant circuits where said resonant circuit contains an inductive reactance device 
connected in parallel mutually and a capacitive reactance element. 
[Claim 12]Said resonant circuit is a parallel resonant circuit containing an inductive 
reactance device connected in parallel mutually and a capacitive reactance 
elementAnd the impedance matching circuits according to claim 9 where either [ at 
least ] an inductive reactance device or a capacitive reactance element is connected 
to said parallel resonant circuit in series. 

[Claim 13]Each of two or more of said reactive circuits includes two or more resonant 
circuits connected in series mutuallyand moreover each of resonance frequency of a 
resonant circuit of these pluralityThe impedance matching circuits according to claim 
8 located between two frequency adjoined of said two or more different frequency. 
[Claim 14]The impedance matching circuits according to claim 13 which are parallel 
resonant circuits where each of said resonant circuit contains an inductive reactance 
device connected in parallel mutually and a capacitive reactance element. 
[Claim 15]Each of said resonant circuit is a parallel resonant circuit containing an 
inductive reactance device connected in parallel mutually and a capacitive reactance 
elementAnd the impedance matching circuits according to claim 13 where either [ at 
least ] an inductive reactance device or a capacitive reactance element is connected 
to said parallel resonant circuit in series. 

[Claim 16]The impedance matching circuits according to claim 9 in which said 
resonant circuit is a series resonant circuit of two or more reactive elements. 
[Claim 17]The impedance matching circuits according to claim 9 which are series 
resonant circuits where said resonant circuit contains an inductive reactance device 



connected in series mutually and a capacitive reactance element. 
[Claim 18]Said resonant circuit is a series resonant circuit containing an inductive 
reactance device connected in series mutually and a capacitive reactance 
elementAnd the impedance matching circuits according to claim 9 where either [ at 
least ] an inductive reactance device or a capacitive reactance element is connected 
in parallel with said series resonant circuit. 

[Claim 19]Each of two or more of said reactive circuits includes two or more resonant 
circuits connected in parallel mutuallyand moreover each of resonance frequency of a 
resonant circuit of these pluralityThe impedance matching circuits according to claim 
8 located between two frequency adjoined of said two or more different frequency. 
[Claim 20]The impedance matching circuits according to claim 19 which are series 
resonant circuits where each of said resonant circuit contains an inductive reactance 
device connected in series mutually and a capacitive reactance element. 
[Claim 21]Each of said resonant circuit is a series resonant circuit containing an 
inductive reactance device connected in series mutually and a capacitive reactance 
elementAnd the impedance matching circuits according to claim 19 where either [ at 
least ] an inductive reactance device or a capacitive reactance element is connected 
in parallel with said series resonant circuit. 

[Claim 22]One of said two or more impedance circuits is connected to one terminal of 
said 1st terminal pairand one terminal of said 2nd terminal pairThe impedance 
matching circuits according to any one of claims 8 to 21 where one of the others of 
said two or more impedance circuits is connected between said 1st terminal pair or 
between said 2nd terminal pair. 

[Claim 23]One of said two or more impedance circuits is connected to one terminal of 
said 1st terminal pairand one terminal of said 2nd terminal pairThe impedance 
matching circuits according to any one of claims 8 to 21 where two of others of said 
two or more impedance circuits are connectedrespectively between said 1st terminal 
pair and between said 2nd terminal pair. 

[Claim 24]One of said two or more impedance circuits is connected to one terminal of 
said 1st terminal pairand one terminal of said 2nd terminal pairOne of the others of 
said two or more impedance circuits is connected to a terminal of another side of said 
1st terminal pairand a terminal of another side of said 2nd terminal pairAnd the 
impedance matching circuits according to any one of claims 8 to 21 where one of said 
two or more impedance circuits of further others is connected between said 1st 
terminal pair or between said 2nd terminal pair. 

[Claim 25]One of said two or more impedance circuits is connected to one terminal of 
said 1st terminal pairand one terminal of said 2nd terminal pairOne of the others of 
said two or more impedance circuits is connected to a terminal of another side of said 
1st terminal pairand a terminal of another side of said 2nd terminal pairAnd the 
impedance matching circuits according to any one of claims 8 to 21 where two of said 
two or more impedance circuits of further others are connectedrespectively between 



said 1st terminal pair and between said 2nd terminal pair. 

[Claim 26]Two of said two or more impedance circuits are connected in series 
between one terminal of said 1st terminal pairand one terminal of said 2nd terminal 
pairA node of said two impedance circuits where one of said two or more impedance 
circuits of further others was connected in seriesThe impedance matching circuits 
according to any one of claims 8 to 21 connected to a terminal of another side of said 
1st terminal pairand a terminal of another side of said 2nd terminal pair. 
[Claim 27]Two of said two or more impedance circuits are connected in series 
between one terminal of said 1st terminal pairand one terminal of said 2nd terminal 
pairTwo of others of said two or more impedance circuits are connected in series 
between a terminal of another side of said 1st terminal pairand a terminal of another 
side of said 2nd terminal pairAnd a node of said two impedance circuits where one of 
said two or more impedance circuits of further others was connected in seriesThe 
impedance matching circuits according to any one of claims 8 to 21 connected at a 
node of two impedance circuits besides the above connected in series. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]Further concerning [ this invention ] the impedance-matching 
method and impedance matching circuitslt is related with the impedance-matching 
method and impedance matching circuits which are used suitably [ in several different 
frequencyimpedance matching is possibleand ] for the wireless-radios machine using 
high frequency. 
[0002] 

[Description of the Prior Art]Impedance matching circuits are used in order to pull out 
conventionally the characteristic of the element currently used for each circuit of the 
radio-frequency head of wireless radios to the maximum extent. The example of 
composition of these conventional seed impedance matching circuits is shown in 
drawing 40 . 

[0003]In drawing 40 the 1st impedance matching circuits 1 10 and the 2nd impedance 
matching circuits 120 are connected to the input terminal 132 and the output terminal 
133 of the high frequency circuit 140respectively. The 1st impedance matching 
circuits 1 10 achieve the duty which makes the output impedance of the high 
frequency circuit (not shown) of the preceding paragraph of the high frequency circuit 
140and the input impedance of the high frequency circuit 140 match. The 2nd 
impedance matching circuits 120 achieve the duty which makes the input impedance 
of the high frequency circuit (not shown) of the latter part of the high frequency 
circuit 140and the output impedance of the high frequency circuit 140 match. 



[0004]For simplificationby drawing 40 the high frequency circuit 140 is made into the 
high frequency amplifying circuit which consists only of the npn type bipolar transistor 
Trand is illustrated as an exchange equivalent circuit. The emitter of the transistor Tr 
is groundeda base is connected to the input terminal 132and the collector is 
connected to the output terminal 133. The 1st impedance matching circuits 110 
comprise the coil 1 1 1 by which both ends were connected to the output terminal 131 
and the input terminal 1 32respectivelyand the coil 112 with which one terminal was 
connected to the output terminal 131 and the terminal of another side was grounded. 
It has the so-called composition of "l_-L matching/' 

The 2nd impedance matching circuits 120 comprise the capacitor 121 by which both 
ends were connected to the output terminal 133 and the input terminal 
134respectivelyand the capacitor 122 by which one terminal was connected to the 
input terminal 134and the terminal of another side was grounded. 
It has the so-called composition of "C-C matching." 

[0005]In the 1st impedance matching circuits 110 that make the output impedance of 
the high frequency circuit of the preceding paragraph of the high frequency circuit 
140and the input impedance of the high frequency circuit 140 matchthere is a 
problem that matching of these both impedance is realized only on single frequency. 
For this reasonin order to make the impedance of two high frequency circuits which 
adjoin using the 1st impedance matching circuits 1 10 shown in drawing 40 match in 
two different frequencya certain device is required. This is the same also in the 2nd 
impedance matching circuits 120 of the latter part of the high frequency circuit 140. 
[0006]Thenthe device is explained below. Drawing 37 shows the circuit diagram of the 
receiver of the single superheterodyne system currently used for the cellular phone of 
the PDC (Personal Digital Cellular) method adopted in Japan. 

[0007]In the circuit of drawing 37 the antenna 101 receives the high frequency signal 
of the 820 MHz bands which are received frequency belts. The high-frequency 
amplifier 102 amplifies the high frequency signal of the 820 MHz bands received with 
the antenna 101 and sends it to the frequency mixer 103. The frequency mixer 103 is 
mixed with a local signal with the local frequency of 950 MHz to which the sent high 
frequency signal is sent from the local (local) oscillator 104Frequency changes into an 
intermediate frequency (Intermediate FrequencylF) signal equal to 130 MHz of 
differences of both frequency. IF amplifier 105 amplifies this IF signaland sends it to 
the demodulator 106. The demodulator 106 restores to the sent IF signal according to 
a prescribed methodand takes out the information included in the high frequency input 
signal. 

[0008]The high frequency circuit (.) which treats a high frequency input signal in the 
circuit of drawing 37 Namelythe inside of the high-frequency amplifier 102the 
frequency mixer 103the local oscillator 104and IF amplifier 105When connecting via 
the impedance matching circuits 1 10 or 120 which show drawing 40 two adjoining 



circuitsusuallylt opts for the composition of the impedance matching circuits 1 10 or 
120 so that the impedance of two circuits which should be connected in the specific 
single frequency contained in a received frequency belt or a using frequency band 
(namely820 MHz bands) may match (consistency). The characteristic (VSWR-f 
characteristic) to the frequency f of the voltage standing wave ratio 
(VoltageStanding-Wave RatioVSWR) of the high-frequency amplifier 102 in that case 
comes to be shown in drawing 34 . Namelysince the frequency bands to be used are 
only 820 MHz bandsas shown in drawing 34 it is one suitable frequency (for 
example820 MHz) in the frequency bandit opts for the composition of the impedance 
matching circuits 110 or 120 so that one input impedance of the two circuits which 
should be connected may be in agreement with the output impedance of another side. 
[0009]Howeverthe receiver which wireless radios and a radio communications system 
are quickly developedand canas a resultprocess the signal of two frequency bands 
which separated is called for in recent years. The high frequency signal of the 820 
MHz bands used with the cellular phone of a PDC method as an example of such a 
receiverThere is telephone which enabled it to receive the both sides of the high 
frequency signal of the 1.9-GHz (1900 MHz) belt used with personal handy phone 
(Personal Handy-phone SystemPHS). In order to realize this demandthe receiver of 
circuitry as shown in drawing 38 and drawing 39 is developed conventionally. 
[0010]The circuit (circuit for 820 MHz bands) which processes the input signal of the 
820 MHz bands which consist of the high-frequency amplifier 102athe local oscillator 
104athe frequency mixer 103aand IF amplifier 105a in the circuitry of drawing 38 The 
high-frequency amplifier 102bthe local oscillator 104bthe frequency mixer 103bThe 
circuit (circuit for 1900 MHz bands) which processes the input signal of the 1900 MHz 
bands which consist of IF amplifier 105b is providedand according to the frequency 
band of an input signalthe circuit the object for 820 MHz bands and for 1 900 MHz 
bands is used with the switches 107 and 108switching. The local frequency which the 
local oscillators 104a and 104b generate is 950 MHz and 1770 MHzrespectively. 
[0011]In the case of this circuitrythe VSWR-f characteristic of the high-frequency 
amplifier 102a and 102b comes to be shown in drawing 35 (a). That isthe impedance of 
two circuits which should be connected in the specific single frequency (for 
example820 MHz) contained in 820 MHz bands is made to match to the circuit for 820 
MHz bands. On the other handthe impedance of two circuits which should be 
connected in the specific single frequency (for example1900 MHz) contained in 1900 
MHz bands is made to match to the circuit for 1900 MHz bands. 
[0012]Two circuitsthe object for 820 MHz bandsand the object for 1900 MHz 
bandsSince it is used according to the frequency band of an input signalswitchingthe 
VSWR-f characteristic characteristic of the high-frequency amplifier 102a and 102b 
in the circuitry of drawing 38 is expressed with the characteristic curve shown in 
drawing 35 (b) which compounded and acquired two characteristic curves of drawing 
35 (a) according to the frequency band. 



[0013]The circuitry of drawing 39 is a modification of the circuitry of drawing 38 . 
Namelythe frequency mixer 103a for exclusive use as the object for 820 MHz 
bandsand an object for 1900 MHz bandsUnlike 103b and the circuitry of drawing 38 
which has formed IF amplifiers 105a and 105bby the circuitry of drawing 39 the 
frequency mixer 103 and IF amplifier 105 which are shared with the input signal of the 
both sides of 820 MHz bands and 1900 MHz bands are formed. Other composition is 
the same as the case of drawing 38 . Although the switch 107 which switches the 
input of the high-frequency amplifier 102a and 102b is the same as the case of 
drawing 38 According to the difference in the above-mentioned compositionthe switch 
109 which switches the output of the high-frequency amplifier 102a and 102band the 
switch 1 10 which switches the output of the local oscillators 104a and 104b are 
formed. The VSWR-f characteristic of the high-frequency amplifier 102a and 102b in 
the circuitry of drawing 39 comes to be shown in drawing 35 (b) like the case of the 
circuitry of drawing 38 . 

[0014]Howeverin the circuitry of drawing 38 and drawing 39 since the switching means 
1071 081 09and 1 1 0i.e.switchesis indispensablethere is a problem that it originates in 
the switching means compared with the circuitry for single frequency zones shown in 
drawing 37 and the loss (loss) of electric power increases. Since a circuit for exclusive 
use is required for both the frequency bands of 820 MHz bands and 1900 MHz 
bandsthere is also a problem that circuitry becomes complicated compared with the 
circuitry for the single frequency bands of drawing 37 . 

[0015]Thensince these problems are solvedQ of impedance matching circuits is 
reduced in the circuitry for the single frequency zones of drawing 37 and the method 
of having and making impedance match approximately in both the frequency bands of 
820 MHz bands and 1900 MHz bands may be taken. In this casethe VSWR-f 
characteristic of the high-frequency amplifier 102a and 102b becomes almost flat in 
the whole using frequency rangeas shown in drawing 36 . Soin the characteristic of 
drawing 36 although perfect matching (matching to the optimal impedance value) of 
impedance cannot be performedapproximate matching of it is attained in the both 
sides of 820 MHz bands and 1900 MHz bands. 

[0016]Howeverin using the VSWR-f characteristic of drawing 36 a problem which is 
described below arises. 

[0017]The 1st problem is being unable to set it as the optimal impedance value in any 
of 820 MHz bands and 1900 MHz bands. This is constituted so that impedance may 
generally match impedance matching circuits with an optimum value in 1360 MHz 
which is the middle frequency of 820 MHz and 1900 MHzIt originates in having and 
equalizing the grade of matching of the impedance in these two frequency bands. 
[0018]The 2nd problem is that cannot pull out a receiving characteristic to the 
maximum extent compared with the case where the VSWR-f characteristic for the 
single frequency belts of drawing 34 is usedbut the power loss in a receiving circuit 
increases as a result. This is because Q of impedance matching circuits is used 



lowering it intentionallyand is also for the power loss in the impedance matching 

circuits 1 10 or 120 to increase by the Q made to fall. 

[0019] 

[Problem(s) to be Solved by the Invention]As mentioned abovewhen the conventional 
impedance matching circuits 1 10 or 120 as shown in drawing 40 are usedimpedance of 
two circuits cannot be made to match with an optimum value in two frequency left 
mutually. Power loss increases with impedance matching. 

[0020]Thenin each of the frequency beyond two or it which was left mutuallythe 
purpose of this invention is to provide the impedance-matching method that the 
impedance of two circuits can be made to match with an optimum valueand 
impedance matching circuits. 

[0021]Other purposes of this invention are to provide the impedance-matching 
method which can simplify the circuitry of the system which can process the signal of 
the frequency band beyond two or it which separated mutuallyand impedance 
matching circuits. 

[0022]The purpose of further others of this invention is to provide the impedance- 
matching method that impedance matching to an optimum value is realizable in each 
of the frequency beyond two or itand impedance matching circuitswithout making 
power loss increase. 
[0023] 

[Means for Solving the Problem]This invention is (1). An impedance-matching method 
of this inventionAn impedance-matching method of performing impedance matching in 
two or more different frequency between the 1st circuit and the 2nd circuit is 
characterized by comprising the following using impedance matching circuits 
containing two or more reactive elements: 

The 1st step that constitutes a reactive circuit with a frequency characteristic which 
moreover gives [ in / it is equivalent to each of two or more reactive elements in said 
impedance matching circuitsand / said two or more different frequency ] desired 
reactance valuesrespectively. 

The 2nd step that computes reactance values of a reactive element which forms 
each of said reactive circuit which comprised said 1st step. 

Said reactive circuit which has the reactance values computed at said 2nd step is 
usedThe 3rd step that determines and has an impedance value of said impedance 
matching circuits in said two or more different frequencyand makes an impedance 
value of said 1st circuitand an impedance value of said 2nd circuit match with those 
optimum values in these different **** frequency. 

[0024](2) In an impedance-matching method of this invention. In the 1st stepit is 
equivalent to each of two or more reactive elements in said impedance matching 
circuitsand a reactive circuit with a frequency characteristic which moreover gives 
desired reactance values in said two or more different frequencyrespectively is 



constituted. Nextin the 2nd stepreactance values of a reactive element which forms 
each of said reactive circuit which comprised said 1st step are computed. And finally 
in the 3rd stepan impedance value of said impedance matching circuits is determined 
in said two or more different frequency using said reactive circuit which has the 
reactance values computed at said 2nd step. For this reasonimpedance of said 1st 
circuit and the 2nd circuit can be made to match with those optimum values in each 
of frequency beyond two or it which was left mutually. 

[0025]It becomes possible to simplify circuitry of a system which can process a signal 
of a frequency band beyond two or it which separated mutually by this. 
[0026]In each of frequency beyond two or itsince impedance of said 1st and 2nd 
circuit can be made to match with an optimum valuean increase in power loss 
resulting from impedance matching is not produced. 

[0027](3) In a desirable example of an impedance-matching method of this 
inventioneach of said reactive circuit which comprised said 1st step includes a 
resonant circuitandmoreoverresonance frequency of the resonant circuit is located 
between two frequency adjoined of said two or more different frequency. 
[0028]Let said resonant circuit be a parallel resonant circuit of two or more reactive 
elements in other desirable examples of an impedance-matching method of this 
invention. In this caseit is preferred that said resonant circuit is a parallel resonant 
circuit containing an inductive reactance device connected in parallel mutually and a 
capacitive reactance element. 

[0029]Let said resonant circuit be a series resonant circuit of two or more reactive 
elements in an example of an impedance-matching method of this invention in which 
others are still more preferred. In this caseit is preferred that said resonant circuit is 
a series resonant circuit containing an inductive reactance device connected in series 
mutually and a capacitive reactance element. 

[0030]In an example of an impedance-matching method of this invention in which 
others are still more preferred. Calculation of reactance values in said 2nd step is 
performed using a smith chart or an admittance chart arranged to the central 
pointand a point corresponding to an impedance value of said 2nd circuit in one of 
said two or more different frequency moreoverA step which arranges a point 
corresponding to an impedance value of said 1st circuit in said two or more different 
frequency on said smith chart or an admittance chartrespectively in that caseA point 
respectively corresponding to an impedance value of said 1st circuit arranged on said 
smith chart or an admittance chartA step movedrespectively on the common 
circumference passing through the central point of said smith chart or an admittance 
chartA step to which a point respectively corresponding to an impedance value of 
said 1st circuit where you were made to move on said common circumference is 
moved so that it may lap with said central point is performed. 

[0031](4) Impedance matching circuits of this inventionln impedance matching circuits 
used in order to perform impedance matching in two or more different frequency 



between the 1st circuit and the 2nd circuitThe 1st terminal pair to which said 1st 
circuit is connectedand the 2nd terminal pair to which said 2nd circuit is 
connectedHave two or more impedance circuits provided between said 1st terminal 
pair and said 2nd terminal pairand each of two or more of said impedance circuitslt 
has a reactive circuit with a frequency characteristic which gives predetermined 
reactance values in said two or more different frequencyrespectivelyln these different 
**** frequencya predetermined impedance value is set up by the reactive 
circuitrespectivelyAnd a synthetic impedance value of two or more of said impedance 
circuits in these different **** frequency is set up make an impedance value of said 
1st circuitand an impedance value of said 2nd circuit match with those optimum 
values. 

[0032](5) In impedance matching circuits of this invention. Impedance of said 1st 
circuit and the 2nd circuit can be made to match with those optimum values in each 
of frequency beyond two or it which was left mutually for the substantially same 
reason as having stated by the impedance-matching method of this invention. It 
becomes possible to simplify circuitry of a system which can process a signal of a 
frequency band beyond two or it which separated mutually by this. (6) which does not 
produce an increase in power loss in the impedance matching circuits concerned In a 
desirable example of impedance matching circuits of this invention. Each of two or 
more of said reactive circuits includes a resonant circuitandmoreoverresonance 
frequency of the resonant circuit is located between two frequency adjoined of said 
two or more different frequency. 

[0033]Let said resonant circuit be a parallel resonant circuit of two or more reactive 
elements in other desirable examples of impedance matching circuits of this invention. 
In this caselet said resonant circuit be a parallel resonant circuit containing an 
inductive reactance device connected in parallel mutually and a capacitive reactance 
element preferably. Or either [ at least ] an inductive reactance device or a capacitive 
reactance element may be connected in series to the parallel resonant circuit. 
[0034]In an example of impedance matching circuits of this invention in which others 
are still more preferred. Each of two or more of said reactive circuits includes two or 
more resonant circuits connected in series mutuallyandmoreovereach of resonance 
frequency of a resonant circuit of these plurality is located between two frequency 
adjoined of said two or more different frequency. In this caselet each of said resonant 
circuit be a parallel resonant circuit containing an inductive reactance device 
connected in parallel mutually and a capacitive reactance element preferably. Or 
either [ at least ] an inductive reactance device or a capacitive reactance element 
may be connected in series to the parallel resonant circuit. 

[0035]Let said resonant circuit be a series resonant circuit of two or more reactive 
elements in an example of impedance matching circuits of this invention in which 
others are still more preferred. In this caselet said resonant circuit be a series 
resonant circuit containing an inductive reactance device connected in series 



mutually and a capacitive reactance element preferably. Or either [ at least ] an 
inductive reactance device or a capacitive reactance element may be connected in 
parallel to the series resonant circuit. 

[0036]In an example of impedance matching circuits of this invention in which others 
are still more preferred. Each of two or more of said reactive circuits includes two or 
more resonant circuits connected in parallel mutuallyandmoreovereach of resonance 
frequency of a resonant circuit of these plurality is located between two frequency 
adjoined of said two or more different frequency. In this caselet each of said resonant 
circuit be a series resonant circuit containing an inductive reactance device 
connected in series mutually and a capacitive reactance element preferably. Or either 
[ at least ] an inductive reactance device or a capacitive reactance element may be 
connected in parallel to the direct resonant circuit. 

[0037](7) In impedance matching circuits of this inventionthe desirable topology of 
two or more of said impedance circuits is as follows. 

[0038](a) One of said two or more impedance circuits is connected to one terminal of 
said 1st terminal pairand one terminal of said 2nd terminal pairand one of the others 
of said two or more impedance circuits is connected between said 1st terminal pair or 
between said 2nd terminal pair. 

[0039](b) One of said two or more impedance circuits is connected to one terminal of 
said 1st terminal pairand one terminal of said 2nd terminal pairand two of others of 
said two or more impedance circuits are connectedrespectively between said 1st 
terminal pair and between said 2nd terminal pair. 

[0040](c) One of said two or more impedance circuits is connected to one terminal of 
said 1st terminal pairand one terminal of said 2nd terminal pairOne of the others of 
said two or more impedance circuits is connected to a terminal of another side of said 
1st terminal pairand a terminal of another side of said 2nd terminal 
pairandmoreoverone of said two or more impedance circuits of further others is 
connected between said 1st terminal pair or between said 2nd terminal pair. 
[0041](d) One of said two or more impedance circuits is connected to one terminal of 
said 1st terminal pairand one terminal of said 2nd terminal pairOne of the others of 
said two or more impedance circuits is connected to a terminal of another side of said 
1st terminal pairand a terminal of another side of said 2nd terminal 
pairandmoreovertwo of said two or more impedance circuits of further others are 
connectedrespectively between said 1st terminal pair and between said 2nd terminal 
pair. 

[0042](e) Two of said two or more impedance circuits are connected in series 
between one terminal of said 1st terminal pairand one terminal of said 2nd terminal 
pairOne of said two or more impedance circuits of further others is connected to a 
node of said two impedance circuits connected in seriesand a terminal of another side 
of said 1st terminal pair and a terminal of another side of said 2nd terminal pair. 
[0043](f) Two of said two or more impedance circuits are connected in series 



between one terminal of said 1st terminal pairand one terminal of said 2nd terminal 
pairTwo of others of said two or more impedance circuits are connected in series 
between a terminal of another side of said 1st terminal pairand a terminal of another 
side of said 2nd terminal pairAnd one of said two or more impedance circuits of 
further others is connected at a node of said two impedance circuits connected in 
seriesand a node of two impedance circuits besides the above connected in series. 
[0044] 

[Embodiment of the Invention]It explains referring to an accompanying drawing for the 
suitable embodiment of this invention hereafter. 

[0045](A 1st embodiment) Drawing 1 (a) shows the composition of the impedance 
matching circuits 1 of a 1st embodiment of this invention. These impedance matching 
circuits 1 comprise the 1st impedance circuit 10 that has impedance Z^nd the 2nd 
impedance circuit 20 that has impedance Z 2 . Two terminals of the 1st impedance 
circuit 10 are connected to one terminal 3 of one terminal 2 of the input terminal 
pairs of the impedance matching circuits 1 concernedand an output terminal 
pairrespectively. the — two — an impedance circuit — 20 — one side — a terminal - 

- being concerned — impedance matching circuits — one — input terminal pairs — 
one side — a terminal — two — connecting — having — another side — a terminal - 

- being concerned — a circuit — one — input terminal pairs — another side — a 
terminal — two — ' — an output terminal — a pair — another side — a terminal — 
three — ' — common connection — carrying out — having — **** . 
[0046]These impedance matching circuits 1 have the function to make the input 
impedance of the high frequency circuit (not shown) connected to the those input- 
terminal-pairs 2and 2 'output impedance and output terminal pairs 3 and 3 of high 
frequency circuit (not shown) connected to side' side match. In several different 
frequencythe impedance-matching function is realizable. 

[0047]The impedance matching circuits 1a of drawing 1 (b)The 1st reactive circuit 
10a that has reactance X ] for the 1st and 2nd impedance circuits 10 and 20 of the 
impedance matching circuits 1 shown in drawing 1 (a)It replaces in the 2nd reactive 
circuit 20a that has reactance X 2 respectivelyand is equivalent to what grounded 
input terminal 2 ? by which common connection was carried outand output terminal 3'. 
If it puts in another waythe impedance matching circuits 1a of drawing 1 (b)In the 
impedance matching circuits 1 shown in drawing 1 (a)when the 1st and 2nd impedance 
circuits 10 and 20 all consist only of reactances (imaginary component of impedance) 
excluding resistance (real component of impedance)it corresponds. 
[0048]Thenin order to simplify explanationin the following explanationnot the 
impedance matching circuits 1 of drawing 1 (a) but the simplified impedance matching 
circuits 1a of drawing 1 (b) will be described. It is because it is very easy to apply it to 
the general impedance matching circuits 1 if the composition and operation of the 
impedance matching circuits 1a become clear. 

[0049]In the impedance matching circuits 1a of drawing 1 (b)as for the 1st reactive 



circuit 10a that has reactance X ^he two terminals are connected to one input 
terminal 2 of the circuit 1a concernedand one output terminal 3respectively. The 
terminal of one of these is connected to one input terminal 2 of the circuit 1a 
concernedandas for the 2nd reactive circuit 20a that has reactance X 2 the terminal of 
another side is grounded. The high frequency circuit (not shown) of the preceding 
paragraph of the impedance matching circuits 1a is connected between the input 
terminal pairs 2 and groundingand the high frequency circuit (not shown) of the latter 
part of the impedance matching circuits 1a is connected between the output terminal 
pair 3 and grounding. 

[0050]Nextthe concrete circuitry of the impedance matching circuits 1a of a 1st 
embodiment of this invention is explainedreferring to drawing 2 . 

[0051]As shown in drawing 2 the 1st reactive circuit 10a comprises the three reactive 
elements 1112and 13. The reactive element 11 is an inductive reactance devicei.e.the 
coil which has inductance L u . The reactive element 12 is a coil which has inductance 
L 12 . The reactive element 13 is a capacitive reactance elementi.e.the capacitor which 
has capacitance C v 

[0052]The coil 12 and the capacitor 13 of each other are connected in parallel. 
Common connection of one terminal of the coil 12 and one terminal of the capacitor 
13 is carried out to the output terminal 3. Common connection of the terminal of 
another side of the coil 12 and the terminal of another side of the capacitor 13 is 
carried out to one terminal of the coil 1 1 . The terminal of another side of the coil 1 1 
is connected to the input terminal 2. 

[0053]The coil 12 connected in parallel mutually and the capacitor 13 constitute the 
parallel resonant circuit 14 which has resonance frequency f 01 as shown in drawing 3 

(a) . Thereforethe 1st reactive circuit 10a has the composition with which the parallel 
resonant circuit 14 was mutually connected with the coil 1 1 in series between the 
input terminal 2 and the output terminal 3. 

[0054]As shown in drawing 2 the 2nd reactive circuit 20a is the same composition as 
the 1st reactive circuit 10aand comprises the three reactive elements 2122and 23. 
The reactive element 21 is a coil which has inductance L 21 . The reactive element 22 is 
a coil which has inductance L 22 . The reactive element 23 is a capacitor which has 
capacitance C 2 . 

[0055]The coil 22 and the capacitor 23 of each other are connected in parallel. 
Common connection of one terminal of the coil 22 and one terminal of the capacitor 
23 is carried out to one terminal of the coil 21. The terminal of another side of the 
coil 22 and the terminal of another side of the capacitor 23 are grounded in common. 
The terminal of another side of the coil 21 is connected to the input terminal 2. 
[0056]The coil 22 connected in parallel mutually and the capacitor 23 constitute the 
parallel resonant circuit 24 which has resonance frequency f 02 as shown in drawing 3 

(b) . This resonance frequency f 02 usually differs from resonance frequency f 01 of the 
parallel resonant circuit 14. Thereforethe 2nd reactive circuit 20a has the composition 



with which the parallel resonant circuit 24 was mutually connected with the coil 21 in 
series between the input terminal 2 and grounding. 

[0057]Nextoperation of the 1st and 2nd reactive circuits 10a and 20a with the above 
composition is explained. 

[0058]As shown in drawing 2 at the time of usethe high frequency circuit 5 is 
connected with the input terminal 2 of the impedance matching circuits 1a between 
groundingsand the high frequency circuit 4 is connected between the output terminal 
3 and grounding. In the both sides of two different frequency f, and f 2 the impedance 
matching circuits 1a have the function to make the output impedance of the high 
frequency circuit 5 by the side of the input terminal 2and the input impedance of the 
high frequency circuit 4 by the side of the output terminal 3 match with those 
optimum values. The operation is as follows. 

[0059]Howevermatching frequency f, and f 2 have a relation of f 1 <f 0 i<f 2 anc ' f 1^02^2 
between resonance frequency f 01 of the parallel resonant circuits 14 and 24and f 02 . 
Frequency and f 2 are 820 MHz and 1900 MHzfor example. 

[0060]Firstif signal frequency!. e.the frequency of the electrical signal sent from the 
high frequency circuit 5 of the preceding paragraphis set to freactance X n of the 
reactive element 1 1 of the 1st reactive circuit 10ai.e.a coilwill be given with the 
following expression (1). 
[0061] 
[Equation 1] 

[0062]Thenif reactance X „ of the coil 1 1 given with expression (1) is illustratedit will 
become like drawing 4 (b). That isthe frequency characteristic of reactance X u is 
given in the straight line which passes along the starting pointand it increases in 
monotone as the signal frequency f rises from 0 (direct current). 
[0063]On the other handreactance X LC1 of the parallel resonant circuit 14 which 
consists of the coil 12 and the capacitor 13 is given with the following expression (2). 
[0064] 
[Equation 2] 

[0065]If reactance X LC1 of the parallel resonant circuit 14 given with expression (2) is 
illustratedit will become like drawing 4 (c). That isthe frequency characteristic of 
reactance X LC1 is given with the curve which makes an asymptote the vertical line B 
drawn to f=f 01 . Howeverresonance frequency f 01 of the parallel resonant circuit 14 is 
given with the following expression (3). 
[0066] 
[Equation 3] 



[0067]Thereforein the range lower than resonance frequency f 01 reactance X LC1 of the 
parallel resonant circuit 14 increases from 0 gradually with the rise of fand the signal 
frequency f increases it to + infinity as f 01 is approached. As reactance X LC1 
decreases gradually with reduction in f and the signal frequency f approaches f 01 in 
the range higher than f 01 - It reaches infinitely. On the other handit converges on 0 
with the increase in f. 

[0068] Reactance X t of the 1st reactive circuit 10a is the sum of reactance X n of 
the coil 1 land reactance X LC1 of the parallel resonant circuit 14 so that clearly from 
circuitry of drawing 3 (a). Thereforethe frequency characteristic of reactance X , of 
the 1st reactive circuit 10a is given by compounding the frequency characteristic of 
drawing 4 (b) and drawing 4 (c). It is shown in drawing 4 (a). 

[0069]The frequency characteristic of reactance X ^ of the 1st reactive circuit 10a 
has the same tendency as the frequency characteristic of reactance X LC1 of the 
parallel resonant circuit 14 so that clearly from drawing 4 (a). That isin the range 
lower than f 01 reactance X , increases from 0 gradually with a rise of fand the signal 
frequency f increases it to + infinity as f 01 is approached. As reactance X ^ decreases 
gradually with reduction in f and the signal frequency f approaches f 01 in the range 
higher than f 01 - It reaches infinitely. On the other handit increases to + infinity with 
an increase in f. 

[0070]When the signal frequency f has a larger value than resonance frequency f 01 of 
the parallel resonant circuit 14 so that clearly from the frequency characteristic of 
drawing 4 (a)as for reactance X ,a value of from - infinity until + infinite can be taken. 
When the signal frequency f has a value smaller than resonance frequency 
f 01 reactance X , can take only arbitrary positive values. On the other handalthough it 
is necessary to set up a value of resonance frequency f 01 of the parallel resonant 
circuit 14 between two desired matching frequency f, and f 2 If a value of f 01 is changed 
in the rangethe asymptote B which extends in the perpendicular direction will be 
displaced in accordance with a horizontal axis (it is also a characteristic curve in it) 
(namelyf axis). Thereforeit is possible by setting up a value of f 01 suitably to set 
independently left frequency f t and reactance X , in f 2 as a desired valuerespectively. 
If it puts in another waya value of two frequency f, left enough and reactance X } in f 2 
can be adjusted arbitrarily. 

[0071] Drawing 4 (a) In - (c)X n (f,) and X n (f 2 )A value of reactance X u of the 
reactive element 1 1 in f=f, and f=f 2 i.e.a coilis shownrespectivelyX LC1 (f,) and X LC1 (f 2 )A 
value of reactance X LC1 of the parallel resonant circuit 14 in f-f^ and f=f 2 is 
shownrespectivelyX , (f^ and X , (f 2 ) show a value of f=f, and reactance X } of the 1st 
reactive circuit 10a in f=f 2 respectively. 

[0072]Inductance L n of the coils 11 and 12 which constitute the 1st reactive circuit 
10aand L 12 Although it is difficult to calculate a value of capacitance of the 
capacitor 13 directly and analytically from a value of desired matching frequency f,and 



f 2 and reactance X 1 of the 1st reactive circuit 10aThe solution to desired can be 
calculated by calculating a converged value asymptotically using an electronic 
computer. 

[0073]In a 1st embodimentvalue X 1 (f 2 ) of reactance X , of the 1st reactive circuit 
10a in frequency f 2 of the higher one can take any value of positive/negative so that 
clearly from the frequency characteristic of drawing 4 (a)but. Value X ^ (f,) of 
reactance X , in frequency f } of the lower one has restriction that only a positive 
value can be taken. Thereforethe impedance matching circuits 1a of a 1st 
embodiment cannot be applied when reactance X t (fj) of the 1st reactive circuit 10a 
needs to be set as a negative value in frequency f v Howeverfor examplethis 
restriction is removable by applying either of the below-mentioned 2nd - a 4th 
embodiment. 

[0074]Nextthe 2nd reactive circuit 20a is explained. Since the 2nd reactive circuit 20a 
is the same composition as the 1st reactive circuit 10a so that clearly from drawing 
2the above-mentioned explanation about the 1st reactive circuit 10a can apply as it 
is. That isreactance X 21 of the reactive element 21 of the 2nd reactive circuit 20ai.e.a 
coilis given with the following expression (4). 
[0075] 
[Equation 4] 

[0076]The frequency characteristic of reactance X 21 of the coil 21 given with 
expression (4) is the same as that of drawing 4 (b). That isthe frequency 
characteristic of reactance X 21 is given in the straight line which passes along the 
starting pointand it increases in monotone as the signal frequency f rises from 0. 
[0077]On the other handreactance X LC2 of the parallel resonant circuit 24 which 
consists of the coil 22 and the capacitor 23 is given with the following expression (5). 
[0078] 
[Equation 5] 

[0079]The frequency characteristic of reactance X LC2 of the parallel resonant circuit 
24 is the same as that of drawing 4 (c). That isthe frequency characteristic of 
reactance X LC2 is given with the curve which makes an asymptote the vertical line 
drawn to f=f 02 . Howeverresonance frequency f 02 of the parallel resonant circuit 24 is 
given with the following expression (6). 
[0080] 
[Equation 6] 



[0081 ]Thereforein the range lower than resonance frequency f 02 reactance X LC2 of the 



parallel resonant circuit 24 increases from 0 gradually with the rise of fand the signal 
frequency f increases it to + infinity as f 02 is approached. As reactance X LC2 
decreases gradually with reduction in f and the signal frequency f approaches f 02 in 
the range higher than f 02 - It reaches infinitely. On the other handit converges on 0 
with the increase in f. 

[0082] Reactance X 2 of the 2nd reactive circuit 20a is the sum of reactance X 21 of 
the coil 21 and reactance X LC2 of the parallel resonant circuit 24 so that clearly from 
the circuitry of drawing 3 (b). Thereforethe frequency characteristic of reactance X 2 
of the 2nd reactive circuit 20a is given with the same curve as drawing 4 (a) which 
compounded and acquired the frequency characteristic of drawing 4 (b) and drawing 4 
(c). 

[0083]The frequency characteristic of reactance X 2 of the 2nd reactive circuit 20a 
has the same tendency as the frequency characteristic of reactance X LC2 of the 
parallel resonant circuit 24 so that clearly from drawing 4 (a). That isin the range 
lower than resonance frequency f 02 reactance X 2 increases from 0 gradually with a 
rise of fand the signal frequency f increases it to + infinity as f 02 is approached. As 
reactance X LC2 decreases gradually with reduction in f and the signal frequency f 
approaches f 02 in the range higher than f 02 - It reaches infinitely. On the other handit 
increases to + infinity with an increase in f. 

[0084]When the signal frequency f has a larger value than resonance frequency f 02 so 
that clearly from drawing 4 (a)reactance X 2 can take a value of from - infinity until + 
infinite. When the signal frequency f has a value smaller than resonance frequency 
f 02 reactance X ^ can take arbitrary positive values. On the other handalthough it is 
necessary to also set up a value of resonance frequency f 02 of the parallel resonant 
circuit 24 between two desired matching frequency and f 2 if a value of f 02 is changed 
in the rangea characteristic curve will be displaced in accordance with f axis with the 
asymptote B. Thereforeit is possible by setting up a value of f 02 suitably to set 
reactance X 2 in frequency f, and f 2 which were left as a desired value. If it puts in 
another waya value of reactance X 2 in two frequency f, and f 2 which were left enough 
can be adjusted arbitrarily independently. 

[0085]Inductance L 21 of the coils 21 and 22 in the 2nd reactive circuit 20aand 
L 22 Although it is difficult to calculate a value of capacitance C 2 of the capacitor 23 
directly and analytically from a value of desired matching frequency ^and f 2 and 
reactance X 2 of the 2nd reactive circuit 20aBy calculating a converged value 
asymptotically using an electronic computerit is possible to calculate the solution to 
desired. 

[0086]Any value of positive/negative can take a value of reactance X 2 in f=f 2 so that 
clearly from drawing 4 (a)but a value of reactance X 2 in f=f, has restriction that only 
a positive value can be taken. Thereforethe impedance matching circuits 1a of a 1st 
embodiment cannot be applied when reactance X 2 of the 2nd reactive circuit 20a 
needs to be set as a negative value in frequency f v Howeverthis restriction is 



removable by applying one composition of the below-mentioned 2nd - a 4th 
embodiment to either of the 1st and 2nd reactive circuit 10a and 20afor example. 
[0087] As stated aboveaccording to the impedance matching circuits 1a of a 1st 
embodiment of this invention. By setting up suitably a value of frequency ^reactance 
X , of the 1st and 2nd reactive circuit 10a and 20a in f 2 and X 2 respectivelylt becomes 
possible to make an input impedance of the high frequency circuit 4 connected to the 
output impedance [ of the high frequency circuit 5 connected to the input terminal 2 
side ] and output terminal 3 side match with an optimum value in two frequency and 
f 2 which were left enoughrespectively. Circuitry of a system which processes a signal 
of two frequency bands which contain left frequency f, and f 2 (for example820 MHz 
and 1900 MHz) by thisrespectively can be simplified. 

[0088]Since impedance matching can be carried out to an optimum value in two 
frequency f, and f 2 respectivelypower loss resulting from a fall of Q of impedance 
matching circuits like a conventional example (refer to drawing 36 ) described 
previously can be prevented. That ispower loss produced in the impedance matching 
circuits 1a is controlled. 

[0089]Nexta principle which can perform impedance matching in two frequency f, and 
f 2 by the impedance matching circuits 1a with the above composition of a 1st 
embodiment is explainedreferring to drawing 7 . Drawing 7 is the smith chart (Smith 
Chart) for explaining a principle of operation of the impedance matching circuits 1a of 
a 1st embodiment of this invention. 

[0090]Generallyalthough a reflection coefficient of the transmission line is illustrated 
on polar coordinatesthe smith chart can read impedance corresponding to the 
reflection coefficient promptlyand since it is expedientit is used daily. Although only a 
curve which shows impedance is drawn on the usual smith chartin order to 
understand easilyby a smith chart of drawing 7 a curve which shows admittance is also 
drawn collectively. 

[0091]Herea case where an input impedance of the high frequency circuit 4 
connected to the output terminal 3 is made to match with output impedance (= 
50ohms) of the high frequency circuit 5 where it was connected to the input terminal 
2using the impedance matching circuits 1a as an example is explained. 
[0092]In a smith chart of drawing 7 the line segment E which the central point O 
corresponds to the target impedance 50 ohmand connects the two corner points F 
and G is a resistance axis. The central point O is located in the middle point of the 
line segment E. The circle A is a locus of a point that resistance is equal to 50 
ohmscircle A' is a locus of a point that an admittance value is equal to (1/50ohm)the 
circle H is a locus of a point that reactance values are equal to +50 ohmsand circle H' 
is a locus of a point that reactance values are equal to -50ohm. Point D 1 and D 2 
correspond to an output impedance value in signal frequency f, and f 2 of the high 
frequency circuit 4 which were connected to the output terminal 3respectively. In 
point and D 2 each reactance values are negative. 



[0093]Firstby setting signal frequency f, and reactance X , of the 1st reactive circuit 
10a in f 2 as a respectively suitable valueBoth sides of point and D 2 are moved to 
point C t and C 2 on circle A' with an admittance value equal to (1 /50ohm)respectively. 
If it puts in another wayreactance X } of the 1st reactive circuit 10a will be set up so 
that the admittance value may become equal to (1/50ohm). 

[0094]nexta thing for which a value of reactance X 2 of the 2nd reactive circuit 20a in 
signal frequency f, and f 2 is set up suitably — circle A' — both sides of point 
which is upwardsand C 2 are moved in accordance with the circumference of circle 
A'and it lays on top of the central point Orespectively. If it puts in another wayby 
adjusting reactance X 2 of the 2nd reactive circuit 20alt is made for a reactance 
component of the impedance matching circuits 1 a to be set to Okeeping an 
admittance value of the impedance matching circuits 1a connected to load at 
(1/50ohm). In this waya value of an input impedance of the high frequency circuit 4 by 
the side of the output terminal 3 is matched with output impedance of 50 ohms of the 
high frequency circuit 5 by the side of the input terminal 2 in both sides of desired 
signal frequency f, and f 2 . 

[0095]On the other handsuch movement is impossible in the conventional impedance 
matching circuits 110 shown in drawing 40 . The reason is explained using drawing 5 
and drawing 6 . Drawing 5 shows the conventional impedance matching circuits 1 10 
shown in drawing 40 and the high frequency circuit 140 connected to an output side of 
the circuit 1 10and drawing 6 shows a smith chart for explaining operation of the 
impedance matching circuits 1 10. In drawing S circuits which are unrelated to matching 
operationsuch as a circuit which gives direct-current bias to the transistor Tr of the 
high frequency circuit 140are excluded. 

[0096]That impedance cannot be made to match in both sides of signal frequency 
and f 2 in the conventional impedance matching circuits 110 shown in drawing 5 It is 
because this circuit 1 10 comprises the coil 1 1 1 (inductance L 1U ) connected to the 
two terminals 131 and 132and the coil 112 (inductance L l12 ) connected between the 
terminal 131 and grounding. That isthe frequency characteristic of reactance X in of 
the coils 1 1 1 and 112 and X 112 is expressed with a straight line which passes along 
the starting point O by each as shown in drawing 4 (b)and it increases in monotone in 
proportion to the frequency f. Those slopes of a line are equal to reactance X ni and 
X U2 respectively. Thereforeif the signal frequency f is decideda value of reactance X 
m and X 112 is decided naturallyin different signal frequency f, and f 2 X in has a 
mutually different value and X 112 is also the same [ **1 11**]. 
[0097]Thereforein a smith chart of drawing 6 by reactance X ni of the coil 111. 
Supposing point which shows an input impedance of the high frequency circuit 140 
in frequency f, was made to move to point on the circumference of circle A'Point 
D 2 which shows an input impedance of the high frequency circuit 140 in frequency f 2 
will move to point C 3 on the circumference of the circle B passing through the corner 
point F. In point C 3 on the circle Ban admittance value is not equal to (1/50ohm). For 



this reasonby adjustment of reactance X 112 of the coil 1 12although point is 
movable to the central point Oin that casepoint C 3 moves to point C 4 on the circle B. 
That ispoint C 3 cannot be put on the central point O. 

[0098]The impedance matching circuits 1a of a 1st embodiment of this invention 
differ in the conventional impedance matching circuits 1 10and have composition as 
the 1st and 2nd reactive circuit 10a and 20a shows to drawing 2 . For this reasonby 
setting signal frequency f, and reactance X , of the 1st reactive circuit 10a in f 2 as a 
respectively suitable value to have mentioned aboveBoth sides of point D } and D 2 are 
moved even to point C, and C 2 on circle AVespectivelyThenboth sides of point and 
C 2 can be moved to the starting point O by setting up suitably a value of reactance X 
2 of the 2nd reactive circuit 20a in signal frequency f, and f 2 . As a resultin both sides 
of different frequency ^ and f 2 it becomes possible to take matching of impedance 
among the high frequency circuits 5 and 4. 

[0099](A 2nd embodiment) Drawing 8 - drawing 12 show the impedance matching 
circuits 1b of a 2nd embodiment of this invention. 

[0100]In the impedance matching circuits 1a of a 1st embodiment described 
previouslyas shown in drawing 2 the coils 1 1 1221 and 22 with inductive reactance are 
usedand point D } and D 2 are shifted for Masakata in a smith chart of drawing 7 . This 
corresponds to the conventional impedance matching circuits 1 10 (refer to L-L 
matching and drawing 40 ) which use the coils 1 1 1 and 112. That isthe impedance 
matching circuits 1a of a 1st embodiment are equivalent to what replaced the coils 
1 1 1 and 1 1 2 of the impedance matching circuits 1 1 0 by the 1 st and 2nd reactive 
circuits 10a and 20arespectively. If it puts in another waythe 1st and 2nd reactive 
circuits 10a and 20a are equivalent to the coils 1 1 1 and 1 12 respectively. 
[0101]On the other handthe impedance matching circuits 1b with circuitry shown in 
drawing 1 2 of a 2nd embodimentlt corresponds to conventional impedance-matching- 
circuits 1 10' (C-C matching) which uses the capacitors 113 and 114 with capacitance 
C 113 as shown in drawing 8 and C m . That isthe impedance matching circuits 1b of a 
2nd embodiment are equivalent to what replaced the capacitors 1 13 and 1 14 of 
impedance-matching-circuits 1 10' by the 1st and 2nd reactive circuits 30 and 
40respectively. That isthe 1st and 2nd reactive circuits 30 and 40 are equivalent to 
the capacitors 1 13 and 1 14 respectively. 

[0102]In the impedance matching circuits 1b of a 2nd embodimentin a smith 
chartpoint and D 2 are shifted to a negative direction conversely [ the impedance 
matching circuits 1a of a 1st embodiment ] so that it may mention later. These 
impedance matching circuits 1b are suitably appliedwhen high frequency circuit 4' 
connected to an output side has inductive impedanceas shown in drawing 12 (for 
examplewhen the filter F is included). 

[0103]In drawing 8 impedance-matching-circuits 110' which is the former is connected 
to the input terminal 132 of high frequency circuit 140' which comprises the filter F. 
Impedance-matching-circuits 1 10' comprises the capacitor 1 13 by which both ends 



were connected to the output terminal 131 and the input terminal 132and the 
capacitor 1 1 4 by which one terminal was connected to the output terminal 1 31 and a 
terminal of another side was grounded. 

[0104]In the impedance matching circuits 1b of a 2nd embodimentas shown in drawing 
12the 1st reactive circuit 30 with reactance X 3 comprises the three reactive 
elements 3132and 33. The reactive element 31 is a capacitor which has capacitance 
C n . The reactive element 32 is a capacitor which has capacitance C 12 . The reactive 
element 33 is a coil which has inductance L v Common connection of one terminal of 
the capacitor 32 and one terminal of the coil 33 is carried out to the output terminal 3. 
Common connection of a terminal of another side of the capacitor 32 and the terminal 
of another side of the coil 33 is carried out to one terminal of the capacitor 31 . 
Thereforethe capacitor 32 and the coil 33 of each other are connected in parallel. A 
terminal of another side of the capacitor 31 is connected to the input terminal 2. 
[0105]The capacitor 32 connected in parallel mutually and the coil 33 constitute the 
parallel resonant circuit 34 which has resonance frequency f 03 as shown in drawing 9 

(a) . Thereforethe 1st reactive circuit 30 has the composition with which the parallel 
resonant circuit 34 was mutually connected with the capacitor 31 in series between 
the input terminal 2 and the output terminal 3. 

[0106]The 2nd reactive circuit 40 with reactance X 4 is the same composition as the 
1st reactive circuit 30and comprises the three reactive elements 4142and 43. The 
reactive element 41 is a capacitor which has capacitance C 21 . The reactive element 
42 is a capacitor which has capacitance C 22 . The reactive element 43 is a coil which 
has inductance L 2 . Common connection of one terminal of the capacitor 42 and one 
terminal of the coil 43 is carried out to one terminal of the capacitor 41. A terminal of 
another side of the capacitor 42 and a terminal of another side of the coil 43 are 
grounded in common. Thereforethe capacitor 42 and the coil 43 of each other are 
connected in parallel. A terminal of another side of the capacitor 41 is connected to 
the input terminal 2. 

[0107]The capacitor 42 connected in parallel mutually and the coil 43 constitute the 
parallel resonant circuit 44 which has resonance frequency f 04 as shown in drawing 9 

(b) . Thereforethe 2nd reactive circuit 40 has the composition with which the parallel 
resonant circuit 44 was mutually connected with the capacitor 41 in series between 
the input terminal 2 and grounding. 

[0108]Hereallthe two reactive circuits 30 and 40 comprise only a reactance (imaginary 
component of impedance)and do not include resistance (real component of 
impedance). Howeverit adds to a reactanceand when it includes resistancewhat is 
necessary is just to replace the two reactive circuits 30 and 40 by an impedance 
circuitrespectivelyand it becomes the circuitry same in that case as drawing 1 (a). 
[0109]Nextthe impedance matching circuits 1b with the above composition of a 2nd 
embodiment explain a reason for the ability to perform impedance matching by two 
frequency f, and f 2 . 



[01 10]Firstreactance X 31 of the reactive element 31 of the 1st reactive circuit 30 in 
the signal frequency fi.e.a capacitoris given with the following expression (7). 
[0111] 
[Equation 7] 

[01 12]If reactance X 31 of the capacitor 31 given with expression (7) is illustratedit will 
become like drawing 10 (b). That isthe frequency characteristic of reactance X 31 is 
given with the curve which makes f axis and X 31 axis an asymptotealways has a 
negative valueand it increases from - infinity in monotone as the signal frequency f 
rises from Oand it is converged on 0. 

[01 13]On the other handreactance X LC3 of the parallel resonant circuit 34 which 
consists of the capacitor 32 and the coil 33 is given with the following expression (8). 
[0114] 
[Equation 8] 

[01 15]If reactance X LC3 of the parallel resonant circuit 34 given with expression (8) is 
illustratedit will become the same as a case of the parallel resonant circuit 14 of a 1st 
embodiment shown in drawing 4 (c). That isthe frequency characteristic of reactance 
X LC3 is given with a curve which makes an asymptote a vertical line drawn to 
resonance frequency f 03 of the parallel resonant circuit 14. Howeverresonance 
frequency f 03 is given with the following expression (9). 
[0116] 
[Equation 9] 

[01 17]Thereforein the range lower than f 03 reactance X LC3 increases from 0 gradually 
with the rise of fand the signal frequency f increases it to + infinity as f 03 is 
approached. As reactance X LC3 decreases gradually with reduction in f and the signal 
frequency f approaches f 03 in the range higher than f 03 - It reaches infinitely. On the 
other handwith the increase in fit increases and converges on 0. 

[01 18]Reactance X 3 of the 1st reactive circuit 30Since it is the sum of reactance X 
31 of the coil 31 and reactance X LC3 of the parallel resonant circuit 34the frequency 
characteristic of reactance X 31 is acquired by compounding the frequency 
characteristic of drawing 10 (b) and drawing 4 (c). It is shown in drawing 10 (a). 
[01 19]The frequency characteristic of reactance X 3 of the 1st reactive circuit 30 has 
the same tendency as the frequency characteristic (refer to drawing 4 (c)) of 
reactance X LC3 of the parallel resonant circuit 34 so that clearly from drawing 10 (a). 
Namelyreactance X 3 is given with a curve which makes one asymptote vertical line B' 
lengthened to resonance frequency f 03 The signal frequency f decreases gradually from 



+ infinity as the signal frequency f falls from near the resonance frequency f 03 when 
lower than f 03 and it is at the time of f= 0. - It becomes infinite. Reactance X 3 
increases from - infinity graduallyand it converges it on 0 as it rises from near the 
f 03 when higher [ the signal frequency f ] than f 03 . 

[0120]When the signal frequency f has a value smaller than resonance frequency f 03 
so that clearly from drawing 10 (a)reactance X 3 can take a value of from - infinity 
until + infinite. When the signal frequency f has a larger value than resonance 
frequency f 03 reactance X 3 can take arbitrary negative values. On the other 
handalthough it is necessary to set up a value of resonance frequency f 03 of the 
parallel resonant circuit 34 between two desired frequency f, and f 2 if a value of f 03 is 
changed in the rangeasymptote B' which extends in the perpendicular direction will be 
displaced in accordance with f (it follows on it and is also characteristic curve) axis. 
Thereforeit is possible by setting up a value of f 03 suitably to set independently 
reactance X 3 in desired matching frequency f, and f 2 as a desired valuerespectively. If 
it puts in another waya value of reactance X 3 in two frequency f, and f 2 which were 
left enough can be adjusted arbitrarily independently. 

[0121] Drawing 10 (a) In - (b)X 31 (f,) and X 31 (f 2 )A value of reactance X 31 of the 
capacitor 31 in f=f, and f=f 2 is shownrespectivelyX 3 (f,) and X 3 (f 2 ) show a value of 
reactance X 3 of the 1st reactive circuit 30 in f=^ and f=f 2 respectively. 
[0122]Capacitance C n of the capacitors 31 and 32 in the 1st reactive circuit 
30Although it is difficult to calculate a value of C 12 and inductance L 1 of the coil 33 
directly and analytically from a value of desired matching frequency ^and f 2 and 
reactance X 3 of the 1st reactive circuit 30The solution to desired can be calculated 
by calculating a converged value asymptotically using an electronic computer. 
[0123]In a 2nd embodimentvalue X 3 (f,) of reactance X 3 of the 1st reactive circuit 30 
in frequency f, of the lower one can take any value of positive/negative so that 
clearly from drawing 10 (a)but. Value X 3 (f 2 ) of reactance X 3 in frequency f 2 of the 
higher one has restriction that only a negative value can be taken. Thereforethe 
impedance matching circuits 1b of a 2nd embodiment cannot be applied when 
reactance X 3 (f 2 ) of the 1st reactive circuit 30 needs to be set as a positive value in 
frequency f 2 . Howeverthis restriction is removable byfor exampleapplying a 1st 
embodiment described previously or the below-mentioned 3rd - either of a 4th 
embodiment. 

[0124]Nextthe 2nd reactive circuit 40 is explained. Since the 2nd reactive circuit 40 is 
the same composition as the 1st reactive circuit 30 so that clearly from drawing 9 
and drawing 12 the above-mentioned explanation about the 1st reactive circuit 30 can 
apply as it is. That isreactance X 41 of the reactive element 41 of the 2nd reactive 
circuit 40i.e.a coilis given with the following expression (10). 
[0125] 

[Equation 10] 



[0126]The frequency characteristic of reactance X 41 of the capacitor 41 given with 
expression (10) is the same as that of drawing 10 (b). That isthe frequency 
characteristic of reactance X 41 is given with the curve which makes f axis and a 
vertical axis an asymptotealways has a negative valueand it increases from - infinity 
in monotone as the signal frequency f rises from Oand it is converged on 0. 
[0127]On the other handreactance X LC4 of the parallel resonant circuit 44 which 
consists of the capacitor 42 coil 43 is given with the following expression (11). 
[0128] 

[Equation 1 1] 

[0129]The frequency characteristic of reactance X LC4 of the parallel resonant circuit 
44 is given with the curve which makes an asymptote the vertical line drawn to the 
resonance frequency f 04 like drawing 4 (c). Howeverresonance frequency f 04 of the 
parallel resonant circuit 44 is given with the following expression (12). 
[0130] 

[Equation 12] 

[0131]Thereforein the range lower than resonance frequency f 04 reactance X LC4 of the 
parallel resonant circuit 44 increases from 0 gradually with the rise of fand the signal 
frequency f increases it to + infinity as f 04 is approached. As reactance X LC4 
decreases gradually with reduction in f and the signal frequency f approaches f 04 in 
the range higher than f 04 - It reaches infinitely. On the other handit converges on 0 
with the increase in f. 

[0132]Reactance X 4 of the 2nd reactive circuit 40 is the sum of reactance X 41 of the 
capacitor 41 and reactance X LC4 of the parallel resonant circuit 44 so that clearly from 
circuitry of drawing 9 (b). Thereforethe frequency characteristic of reactance X 4 of 
the 2nd reactive circuit 40 is acquired by compounding the frequency characteristic 
of drawing 10 (b) and drawing 4 (c).This is the same as that of drawing 10 (a). 
[0133]The frequency characteristic of reactance X 4 of the 2nd reactive circuit 40 
has the same tendency as the frequency characteristic (refer to drawing 4 (c)) of 
reactance X LC4 of the parallel resonant circuit 44 so that clearly from drawing 10 (a). 
Namelythe signal frequency f decreases gradually from + infinity as the signal 
frequency f falls from near the resonance frequency f 04 when lower than f 04 and 
reactance X 4 is at the time of f= 0. - It becomes infinite. Reactance X 4 increases 
from - infinity graduallyand it converges it on 0 as it rises from near the f 04 when 
higher [ the signal frequency f ] than f 04 . 

[0134]When the signal frequency f has a value smaller than resonance frequency f 04 
so that clearly from drawing 10 (a)reactance X 4 can take a value of from - infinity 



until + infinite. When the signal frequency f has a larger value than resonance 
frequency f 04 reactance X 4 can take arbitrary negative values. On the other handif a 
value of resonance frequency f 04 of the parallel resonant circuit 44 is changed 
between two desired frequency f t and f 2 asymptote B' (characteristic curve) which 
extends in the perpendicular direction will be displaced in accordance with f axis. 
Thereforeit is possible by setting up a value of f 04 suitably to set independently 
reactance X 4 in desired matching frequency f, and f 2 as a desired valuerespectively. If 
it puts in another waya value of reactance X 4 in two frequency f, and f 2 which were 
left enough can be adjusted arbitrarily independently. 

[0135]Capacitance C 21 of the coil capacitors 41 and 42 in the 2nd reactive circuit 
40and C 22 Although it is difficult to calculate a value of inductance L 2 of the coil 43 
directly and analytically from a value of desired matching frequency ^and f 2 and 
reactance X 4 of the 2nd reactive circuit 40By calculating a converged value 
asymptotically using an electronic computerit is possible to calculate the solution to 
desired. 

[0136]Any value of positive/negative can take a value of reactance X 4 in f=f 1 so that 
clearly from drawing 10 (a)but a value of reactance X 4 in f=f 2 has restriction that only 
a negative value can be taken. Thereforethe impedance matching circuits 1b of a 2nd 
embodiment cannot be applied when reactance X 2 of the 2nd reactive circuit 40 
needs to be set as a positive value in frequency f 2 . Howeverthis restriction is 
removable byfor exampleapplying a 1st embodiment described previously or the 
below-mentioned 3rd - either of a 4th embodiment. 

[0137]As stated aboveaccording to the impedance matching circuits 1b of a 2nd 
embodiment of this invention. By setting up suitably a value of reactance X 3 of the 
1st and 2nd reactive circuit 30 and 40 in frequency f, and f 2 and X 4 respectivelylt 
becomes possible to make an input impedance of high frequency circuit 4' connected 
to the output impedance [ of the high frequency circuit 5 connected to the input 
terminal 2 side ] and output terminal 3 side match with an optimum value in two 
frequency f, and f 2 which were left enoughrespectively. Circuitry of a system which 
processes a signal of two frequency bands which contain left frequency f, and f 2 (for 
example820 MHz and 1900 MHz) by thisrespectively can be simplified. 
[0138]Since impedance matching can be carried out to an optimum value in two 
frequency f, and f 2 respectivelypower loss resulting from a fall of Q of impedance 
matching circuits like a conventional example (refer to drawing 34 ) described 
previously can be prevented. That ispower loss produced in the impedance matching 
circuits 1a is controlled. 

[0139]Nexta principle which can perform impedance matching in two frequency f, and 
f 2 by the impedance matching circuits 1b with the above composition of a 2nd 
embodiment is explainedreferring to drawing 1 1 . Drawing 1 1 is a smith chart for 
explaining a principle of operation of the impedance matching circuits 1b of a 2nd 
embodiment of this invention. An input impedance of high frequency circuit 4' 



connected to the output terminal 3 is made to match with output impedance (= 
50ohms) of the high frequency circuit 5 where it was connected to the input terminal 
2 like a case of a 1st embodiment using the impedance matching circuits 1b. 
[0 1 40] drawing 1 1 — a smith chart — setting — a point — D — ] — ' — D — 2 — 

- an output terminal — three — connecting — having had — a high frequency circuit 

— four — ' — signal frequency — f — 1 — f — 2 — can set — an input 
impedance — a value — respectively — corresponding . In point D/ and D 2 'each 
reactance values are positive. A reference mark of others in drawing 1 1 is the same 
as it of drawing 7 . 

[0141]Firstreactance X 3 of the 1st reactive circuit 30 in signal frequency f, and f 2 is 
set as a respectively suitable valueboth sides of point D/ and D 2 ' — the circle A with 
an admittance value equal to (1/50ohm) — it is made to move to 'upper point C/ and 
^'respectively 

[0142]next — setting up suitably a value of reactance X 4 of the 2nd reactive circuit 
40 in signal frequency f, and f 2 — circle A' — both sides of point C/ which is 
upwardsand C 2 ' are moved in accordance with the circumference of circle A'and it 
lays on top of the central point Orespectively. In this waya value of an input 
impedance of high frequency circuit 4 ? by the side of the output terminal 3 is matched 
with output impedance of 50 ohms of the high frequency circuit 5 by the side of the 
input terminal 2 in both sides of desired signal frequency f, and f 2 . 
[0143]On the other handin conventional impedance-matching-circuits 1 10' as shown 
in drawing 8 such movement is impossible, this — this conventional example — point 
D/ — circle A' with an admittance value equal to (1/50ohm) — it is because point D 2 ' 
will move to point C 3 ' on the circle B if it is made to move to upper point C/. 
[0144]As explained abovein the impedance matching circuits 1b of a 2nd embodiment 
of this invention. Since it has composition as the 1st and 2nd reactive circuit 30 and 
40 shows to drawing 12 By setting reactance X 3 of the 1st reactive circuit 30 in signal 
frequency f, and f 2 as a respectively suitable valueBoth sides of point D/ and D 2 ' are 
moved to point C/ and C 2 ' on the circle ArespectivelyThenboth sides of point C/ and 
C 2 ' can be moved to the starting point O by setting up suitably a value of reactance X 
4 of the 2nd reactive circuit 40 in signal frequency f, and f 2 . As a resultin both sides of 
different frequency and f 2 it becomes possible to take matching of impedance among 
the high frequency circuits 5 and 4. 

[0145](A 3rd embodiment) Drawing 13 is a circuit diagram showing the 1st reactive 
circuit 50 used for impedance matching circuits of a 3rd embodiment of this invention. 
[0146]In the impedance matching circuits 1a (refer to drawing 2 ) of a 1st embodiment 
described previouslywhen frequency is f, and reactance X 1 or X 2 needs to have a 
negative valueimpedance matching cannot be realized. In the impedance matching 
circuits 1b (refer to drawing 12 ) of a 2nd embodimentwhen frequency is f 2 and 
reactance X 3 or X 4 needs to have a positive valueimpedance matching cannot be 
realized. Howeverin impedance matching circuits of a 3rd embodimentsuch a problem 



is solved and any reactance can take a value of positive/negative and both sides. 
[0147]In drawing 1 3 the 1st reactive circuit 50 comprises the four reactive elements 
515253and 54. The reactive elements 51 and 54 are coils which have inductance L n 
and Irrespectively. The reactive elements 52 and 53 are capacitors which have 
capacitance C n and (irrespectively. Common connection of one terminal of the coil 
54 and one terminal of the capacitor 53 is carried out to the output terminal 3. 
Common connection of a terminal of another side of the coil 54 and the terminal of 
another side of the capacitor 53 is carried out to one terminal of the capacitor 52. 
Thereforethe coil 54 and the capacitor 53 of each other are connected in parallel. A 
terminal of another side of the capacitor 52 is connected to one terminal of the coil 
51. A terminal of another side of the coil 51 is connected to the input terminal 2. 
[0148]The coil 54 connected in parallel mutually and the capacitor 53 constitute the 
parallel resonant circuit 55 which has resonance frequency f 05 . Thereforethe 1st 
reactive circuit 50 has the composition to which the coil 51the capacitor 52and the 
parallel resonant circuit 55 were connected in series mutually between the input 
terminal 2 and the output terminal 3. 

[0149]The frequency characteristic of reactance X 5 of the 1st reactive circuit 50 is 
acquired by compounding the frequency characteristic of the coil 51 (refer to drawing 
4_(b))the capacitor 52 (refer to drawing 10 (b))and the parallel resonant circuit 55 
(refer to drawing 4 (c)). If it puts in another waythe frequency characteristic of 
reactance X 5 is equal to the sum of the frequency characteristic of drawing 4 (a) and 
drawing 10 (b). It is shown in drawing 14 . In both sides of frequency f, and f 2 reactance 
X 5 can take any value of positive/negative so that clearly from drawing 14 . 
Thereforethere is an advantage that restriction described in these 1st and 2nd 
examples is removed in addition to an advantage which the 1st and 2nd above- 
mentioned examples have. 

[01 50]Although the 2nd reactive circuit that is not illustrated is usually considered as 
the same composition as the 1st reactive circuit 50it is not limited to this. Circuitry of 
the 2nd reactive circuit can also be made the same as it of a 1st embodiment or a 
2nd embodiment. 

[0151](A 4th embodiment) Drawing 15 is a circuit diagram showing the 1st reactive 
circuit 50A used for impedance matching circuits of a 4th embodiment of this 
invention. This is equivalent to a modification of a 3rd embodiment. 
[0152]In drawing 15 the 1st reactive circuit 50A with reactance X 5 'It has the 
composition which added the two reactive elements 56 and 57 to the 1st reactive 
circuit 50 (refer to drawing 13 ) of a 3rd embodiment that comprises the four reactive 
elements 515253and 54. A capacitor by which the added reactive element 56 has 
capacitance C 13 and the added reactive element 57 are coils which have inductance 

L 13 - 

[0153]Common connection of one terminal of the capacitor 56 and one terminal of 
the coil 57 is carried out to the output terminal 3. Common connection of a terminal 



of another side of the capacitor 56 and the terminal of another side of the coil 57 is 
carried out to a terminal of the capacitor 53 by which common connection was 
carried outand the coil 54. In this waythe capacitor 56 connected in parallel mutually 
and the coil 57 constitute the parallel resonant circuit 58 which has resonance 
frequency f 06 . Thereforethe 1st reactive circuit 50A has the composition to which the 
coil 51the capacitor 52the parallel resonant circuit 55and the parallel resonant circuit 
58 were connected in series mutually between the input terminal 2 and the output 
terminal 3. 

[0154] Drawing 16 is a frequency characteristic figure of reactance X 5 f of impedance 
matching circuits with the above composition of a 4th embodiment. This is equal to 
what compounded the frequency characteristic (refer to drawing 14 ) of the 1st 
reactive circuit 50 of a 3rd embodimentand the frequency characteristic (refer to 
drawing 4 (c)) of the parallel resonant circuit 58. 

[0155]In each of three signal frequency f,f 2 and f 3 reactance X 5 ' can take any value of 
positive/negative so that clearly from drawing 1 6 . To an advantage which the 1st and 
2nd above-mentioned examples havethereforein additionthree frequency f^ 2 and f 3 
setrespectivelythere is an advantage that optimal impedance matching becomes 
possibleand there is also an advantage that restriction described in the 1st and 2nd 
examples is removed further. 

[0156]Although the 2nd reactive circuit that is not illustrated is usually considered as 
the same composition as the 1st reactive circuit 50Ait is not limited to this. 
Composition of either the 1st - a 3rd embodiment is [ circuitry of the 2nd reactive 
circuit ] also employable if needed. 

[0157]Although impedance is made to match in three frequency f,f 2 and f 3 in 
impedance matching circuits of a 4th embodiment of the aboverespectivelyBy adding 
a parallel resonant circuit further like thisit cannot be overemphasized that impedance 
can be made to match in each of four or more frequency. 
[0158](A 5th embodiment) According to the 1st mentioned above - a 4th 
embodimenteach of the 1st and 2nd reactive circuit includes a "parallel resonant 
circuit." Howeverthis invention is not limited to thisbut it can also be constituted so 
that it may explain belowand each reactive circuit may include a "series resonant 
circuit." 

[0159] Drawing 17 (a) shows the reactive circuit 71 which consists only of the 
capacitor 61 with capacitance C 01 . Admittance Y c of this reactive circuit 71 is given 
with the following expression (13). 
[0160] 

[Equation 13] 

[0161]The frequency characteristic of admittance Y c given with expression (13) 
comes to be shown in drawing 1 7 (b). This characteristic has the same tendency as 



the frequency characteristic of reactance X n of drawing 4 (b). 

[0162] Drawing 18 (a) shows the reactive circuit 72 which consists only of the coil 62 
with inda KUTASU L 01 . Admittance Y L of this reactive circuit 72 is given with the 
following expression (14). 
[0163] 

[Equation 14] 

[0164]The frequency characteristic of admittance Y L given with expression (14) 
comes to be shown in drawing 18 (b). This characteristic has the same tendency as 
the frequency characteristic of reactance X 31 of drawing 10 (b). 
[0165] Drawing 19 (a) shows the reactive circuit 73 which connects the capacitor 61 
with capacitance C 01 and the coil 62 with inda KUTASU L 01 in series. A circuit which 
consists of the capacitor 61 and the coil 62 constitutes the series resonant circuit 81 
with resonance frequency f 0 . Admittance Y LC of this reactive circuit 73 (namelyseries 
resonant circuit 81) is given with the following expression (15). 
[0166] 

[Equation 15] 

[0167]The frequency characteristic of admittance Y LC given with expression (15) 
comes to be shown in drawing 19 (b). This characteristic has the same tendency as 
the frequency characteristic of reactance X LC1 of the parallel resonant circuit 14 of 
drawing 4 (c). That isthe frequency characteristic of reactance X LC1 is given with the 
curve which makes one asymptote the vertical line drawn to f=f 0 . Howeverf 0 is the 
resonance frequency of the series resonant circuit 81 and is given with the following 
expression (1 6). 
[0168] 

[Equation 1 6] 

[0169] Drawing 20 (a) shows the reactive circuit 74 which carries out multiple 
connection of the capacitor 63 which has capacitance C 02 in the series resonant 
circuit 81 of drawing 19 (a). The frequency characteristic of admittance Y t of this 
reactive circuit 74 comes to be shown in drawing 20 (b). This characteristic has the 
same tendency as the frequency characteristic of reactance X , of the 1st reactive 
circuit 10a of drawing 4 (a). 

[0170]In impedance matching circuits of a 5th embodiment of this inventionthe 
reactive circuit 74 of drawing 20 (a) is used as the 1st and 2nd reactive circuits. 
Other composition is the same as it of a 1st embodiment. 

[0171]Since it is equal to a reciprocal of impedancethe admittance can take any value 



also with impedanceif admittance can be set as any value. By thereforea method that 
it is the same with having explained in a 1st embodiment even when using a smith 
chart shown in drawing 7 and the reactive circuit 74 of drawing 20 (a) is used. By 
setting a reactance (or admittance) of the 1st and 2nd reactive circuits in signal 
frequency f t and f 2 as a respectively suitable valueBoth sides of two points 
corresponding to an input impedance of the high frequency circuit 4 in signal 
frequency f, and f 2 can be moved to the central point O. As a resultin both sides of 
different frequency f^ and f 2 it is possible to take matching of impedance to an 
optimum value between two high frequency circuits. 

[0172](A 6th embodiment) Drawing 21 (a) shows the reactive circuit 75 which carries 
out multiple connection of the coil 64 which has inductance L 02 in the series resonant 
circuit 81 of drawing 19 (a). Since the frequency characteristic of admittance Y 2 of 
this reactive circuit 75 is the sum of the frequency characteristic of drawing 19 (b) 
and drawing 18 (b)it comes to be shown in drawing 21 (b). This characteristic has the 
same tendency as the frequency characteristic of reactance X 3 of the reactive 
circuit 20 of drawing 10 (a). 

[0173]In impedance matching circuits of a 6th embodiment of this inventionthe 
reactive circuit 75 of drawing 21 (a) is used as the 1st and 2nd reactive circuits. 
Other composition is the same as it of a 2nd embodiment. 

[0174](A 7th embodiment) Drawing 22 (a) shows the reactive circuit 76 which carries 
out multiple connection of the capacitor 63 which has capacitance C 02 in the series 
resonant circuit 81 of drawing 19 (a)and the coil 64 which has inductance L 02 . Since 
the frequency characteristic of admittance Y 3 of this reactive circuit 76 is the sum of 
the frequency characteristic of drawing 21 (b) and drawing 1 7 (b)it comes to be shown 
in drawing 22 (b). This characteristic has the same tendency as the frequency 
characteristic (refer to drawing 14 ) of reactance X 5 of the reactive circuit 50 of 
drawing 1 3 . 

[0175]In impedance matching circuits of a 7th embodiment of this inventionthe 
reactive circuit 76 of drawing 22 (a) is used as the 1st and 2nd reactive circuits. 
Other composition is the same as it of a 3rd embodiment. 

[0176](An 8th embodiment) Drawing 23 (a) The series resonant circuit 81 of drawing 
19 (a)The reactive circuit 77 which carries out multiple connection of the series 
resonant circuit 82 with the same composition as itthe capacitor 63 which has 
capacitance C 02 and the coil 64 which has inductance L 02 is shown. The series 
resonant circuit 82 connects coil 62' with capacitor 61' and inda KUTASU L 01 ' with 
capacitance C 01 ' in seriesand is constituted. 

[0177]Since the frequency characteristic of admittance Y 4 of this reactive circuit 76 
is the sum of the frequency characteristic of drawing 22 (b) and drawing 20 (b)it 
comes to be shown in drawing 23 (b). This characteristic has the same tendency as 
the frequency characteristic (refer to drawing 1 6 ) of reactance X 5 ' of the reactive 
circuit 50A of drawing 1 5 . In drawing 20 (b)f 02 ' is the resonance frequency of the 



series resonant circuit 82. 

[0178]In impedance matching circuits of an 8th embodiment of this inventionthe 
reactive circuit 77 of drawing 23 (a) is used as the 1st and 2nd reactive circuits. 
Other composition is the same as it of a 4th embodiment. 

[0179](Condition of use) Drawing 24 is a circuit diagram showing condition of use of 
impedance matching circuits of this inventionand shows a case where impedance 
matching circuits of this invention are applied to a receiver of wireless radios. 
[0180]Between filter F1 provided in the antenna sideand the transistor Tr of the high 
frequency circuit 4Impedance-matching-circuits 1a' is provided and impedance- 
matching-circuits 1a" is provided between the transistor Tr of the high frequency 
circuit 4and the filter F2 formed in the frequency mixer side. Impedance-matching- 
circuits 1a' and 1a" comprise the 2nd reactive circuit 20a (refer to drawing 2 ) of a 1st 
embodimentand the 1st reactive circuit 30 (refer to drawing 12 ) of a 2nd 
embodimentrespectively. A resistor and C p of and R 2 are capacitors. 
[0181] Drawing 25 is a block diagram showing circuitry at the time of applying 
impedance matching circuits of this invention to a receiver of circuitry shown in 
drawing 38 or drawing 39 . In drawing 25t he high-frequency amplifier 102c which can 
amplify both sides of an input signal of these both frequency bands is used that it 
should use in common in both frequency bands of 820 MHz bands and 1900 MHz 
bands. The other composition is the same as it of drawing 39 . By considering it as this 
circuitrythe high-frequency amplifier 102c has the suitable VSWR-f characteristic 
shown in drawing 35 (b). 

[0182](Modification) Drawing 26 - drawing 27 are the circuit diagrams showing a 
modification of impedance matching circuits of this invention. 

[0183]As stated previouslya 1st embodiment (refer to drawing 2 ) of this invention has 
the composition of "L-L matching"and a 2nd embodiment (refer to drawing 12 ) has 
the composition of "C-C matching/' Howeverthis invention is not limited to these 
composition. 

[0184]That is drawing 26 (a) shows impedance matching circuits of composition of the 
conventional "L-C matching." This circuit comprises the coil 132 connected among 
the input terminals 2 and 2and the capacitor 131 connected between the input 
terminal 2 and the output terminal 3. 

[0185]Impedance matching circuits of this invention corresponding to this composition 
become composition as shownfor example in drawing 26 (b). A reference mark in 
drawing 26 (b) is the same as what was used by 1st and 2nd embodiments. 
[0186] Drawing 27 (a) shows impedance matching circuits of composition of the 
conventional "C-L matching." This circuit comprises the capacitor 134 connected 
among the input terminals 2 and 2and the coil 133 connected between the input 
terminal 2 and the output terminal 3. 

[0187]Impedance matching circuits of this invention corresponding to this composition 
become composition as shownfor example in drawing 27 (b). A reference mark in 



drawing 27 (b) is the same as what was used by 1st and 2nd embodiments. 
[0188]Although drawing 28 - drawing 33 are also the circuit diagrams showing a 
modification of impedance matching circuits of this invention drawing 26 - differs from 
drawing 27 and it shows a modification of connection of each impedance circuit 
between the input terminals 2 and 2 and the output terminals 3 and 3. 
[0189]In connection of drawing 28 although the impedance matching circuits 1 
comprise the 1st and 2nd impedance circuit 10 and 20 that has impedance and 
Z 2 respectively like drawing 1 (a)the connection methods differ. That istwo terminals of 
the 1st impedance circuit 10 are connected to the input terminal 2 and the output 
terminal 3respectively. One terminal of the 2nd impedance circuit 20 is connected to 
the output terminal 3and common connection of the terminal of another side is 
carried out to input terminal 2' and output terminal 3'. 

[0190]Unlike drawing 1 (a)the impedance matching circuits 1 are constituted from 
impedance Z 1 Z 2 the 1st2ndand 3rd impedance circuit 10 with Z 3 and 20 and 30 by 
connection of drawing 29 respectively. The 1st and 2nd impedance circuit 10 and 20 is 
mutually connected in series between the input terminal 2 and the output terminal 3. 
One terminal of 3rd impedance circuit 30' is connected at a node of the 1st and 2nd 
impedance circuit 10 and 20and common connection of the terminal of another side is 
carried out to input terminal 2' and output terminal 3'. 

[0191]The impedance matching circuits 1 are constituted from impedance Z 1 Z 2 the 
1st2ndand 3rd impedance circuit 10 with Z 3 and 20 and 30 like drawing 29 by 
connection of drawing 30 respectively. The 1st impedance circuit 10 is connected 
among the input terminals 2 and 2. 3rd impedance circuit 30' is connected among the 
output terminals 3 and 3. Two terminals of the 2nd impedance circuit 20 are 
connected to the input terminal 2 and the output terminal 3respectively. 
[0192]In connection of drawing 31 the impedance matching circuits 1 differ from 
drawing 1 (a)It comprises the 1 st2nd3rd4thand 5th impedance circuit 10 that has 
impedance Z 1 Z 2 Z 3 Z 4 and Z 5 respectively20 and 30and 40 and 50. The 1st2ndand 3rd 
impedance circuit 10 and connection of 20 and 30 are the same as a case of drawing 
29 . It is mutually connected in series between input terminal 2' and output terminal 3' 
in the 4th and 5th impedance circuit 40 and 50. One terminal of 3rd impedance circuit 
30' is connected at a node of the 1st and 2nd impedance circuit 10 and 20and a 
terminal of another side is connected at a node of the 4th and 5th impedance circuit 
40 and 50. 

[0193]The impedance matching circuits 1 are constituted from the 1st2nd3rdand 4th 
impedance circuit 10 and 20 that has impedance Z 1 Z 2 Z 3 and Z 4 respectivelyand 30 and 
40 by connection of drawing 32 . The 1st impedance circuit 10 is connected among the 
input terminals 2 and 2. The 2nd impedance circuit 20 is connected between the input 
terminal 2 and the output terminal 3. 3rd impedance circuit 30' is connected among 
the output terminals 3 and 3. 4th impedance circuit 40' is connected between input 
terminal 2' and output terminal 3'. 



[0194]The impedance matching circuits 1 are constituted from the 1st2ndand 3rd 
impedance circuit 10 that has impedance Z^and Z 3 respectivelyand 20 and 30 by 
connection of drawing 33. The 1st impedance circuit 10 is connected between the 
input terminal 2 and the output terminal 3. The 2nd impedance circuit 20 is connected 
between input terminal 2' and output terminal 3'. 3rd impedance circuit 30' is 
connected among the output terminals 3 and 3. 

[0195]As each impedance circuit of drawing 28 - drawing 33composition of impedance 
matching circuits of this invention can be used. 

[0196]Although various connection modes can be considered besides what was shown 
in drawing 28 - drawing 33this invention is applicable also to which connection mode. 
[0197]As for this inventionalthough the 1-4th embodiments mentioned above 
described an example which matches impedance of two high frequency circuits with 
50 ohmsit is needless to say that it is not limited to this. Although the 1~8th 
embodiments mentioned above explained an example applied to a receiving circuit 
built in a cellular phoneit cannot be overemphasized that an applied object of this 
invention is not limited in this case. For exampleimpedance matching circuits of this 
invention can be applied also to a sending circuit built in a cellular phoneand can be 
applied to other arbitrary electronic circuits which still need impedance matching. 
[0198] 

[Effect of the Invention]According to the impedance-matching method of this 
inventionand the impedance matching circuitsthe impedance of said 1st circuit and 
the 2nd circuit can be made to match with those optimum values in each of the 
frequency beyond two or it which was left mutuallyas explained above. It becomes 
possible to simplify the circuitry of the system which can process the signal of the 
frequency band beyond two or it which separated mutually. The increase in the power 
loss resulting from impedance matching is not produced. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The circuit diagram in which (a) shows the example of composition of the 
impedance matching circuits of this inventionand (b) are the circuit diagrams showing 
the basic constitution of the impedance matching circuits of a 1st embodiment of this 
invention. 

[Drawing 2] It is a circuit diagram showing the concrete composition of the impedance 
matching circuits of a 1st embodiment of this invention. 

[Drawing 3] The circuit diagram of the 1st reactive circuit of the impedance matching 
circuits of a 1st embodiment that shows drawing 2 (a)and (b) are the circuit diagrams 
of the 2nd reactive circuit. 

[Drawing 4] The frequency characteristic figure of the reactance of the 1st reactive 



circuit in the impedance matching circuits which show drawing 2 (a)(b) is a frequency 
characteristic figure of the reactance of the coil used for the 1st reactive circuitand a 
frequency characteristic figure of the reactance of the parallel resonant circuit where 
(c) was used for the 1 st reactive circuit. 

[Drawing 5] It is a circuit diagram of the conventional impedance matching circuits 
shown in drawing 40 . 

[Drawing 6] It is a smith chart which shows operation of the conventional impedance 
matching circuits shown in drawing 5 . 

[Drawing 7] It is a smith chart which shows operation of the 1st reactive circuit of the 
impedance matching circuits of a 1st embodiment shown in drawing 2 . 
[Drawing 8] In the 1st conventional impedance matching circuits shown in drawing 40 it 
is a circuit diagram of the conventional impedance matching circuits which replaced 
each coil with the capacitor. 

[Drawing 9] The circuit diagram of the 1st reactive circuit of the impedance matching 
circuits of a 2nd embodiment of this invention which shows drawing 12 (a)and (b) are 
the circuit diagrams of the 2nd reactive circuit. 

[Drawing 10] It is a frequency characteristic figure of the reactance of the capacitor 
by which (a) was used for the frequency characteristic figure of the reactance of the 
1st reactive circuit of the impedance matching circuits of a 2nd embodimentand (b) 
was used for the 1st reactive circuit. 

[Drawing 1 1] It is a smith chart which shows operation of the 1st reactive circuit of 
the impedance matching circuits of a 2nd embodiment. 

[Drawing 12] It is a circuit diagram showing the circuitry of the impedance matching 
circuits of a 2nd embodiment of this invention. 

[Drawing 13] It is a circuit diagram of the 1st reactive circuit used for the impedance 
matching circuits of a 3rd embodiment of this invention. 

[Drawing 14] It is a frequency characteristic figure of the reactance of the 1st 
reactive circuit used for the impedance matching circuits of a 3rd embodiment of this 
invention shown in drawing 13 . 

[Drawing 15] It is a circuit diagram of the 1st reactive circuit used for the impedance 
matching circuits of a 4th embodiment of this invention. 

[Drawing 1 6] It is a frequency characteristic figure of the reactance of the 1st 
reactive circuit of using it for the impedance matching circuits of a 4th embodiment of 
this invention shown in drawing 15 . 

[Drawing 1 7] It is the circuit diagram and the frequency characteristic figure of 

admittance of the reactive circuit which consists only of capacitors. 

[Drawing 18] It is the circuit diagram and the frequency characteristic figure of 

admittance of the reactive circuit which consists only of coils. 

[Drawing 1 9] It is the circuit diagram and the frequency characteristic figure of 

admittance of the reactive circuit which consists of a capacitor by which the series 

connection was carried outand a coil. 



[Drawing 20] It is the circuit diagram and the frequency characteristic figure of 
admittance of the series resonant circuit which is used for the reactive circuit of the 
impedance matching circuits of a 5th embodiment of this invention and which consists 
of a capacitor and a coiland the reactive circuit which consists of a capacitor 
connected in parallel with it. 

[Drawing 21] It is the circuit diagram and the frequency characteristic figure of 
admittance of the series resonant circuit which is used for the reactive circuit of the 
impedance matching circuits of a 6th embodiment of this invention and which consists 
of a capacitor and a coiland the reactive circuit which consists of a coil connected in 
parallel with it. 

[Drawing 22] It is the circuit diagram and the frequency characteristic figure of 
admittance of the series resonant circuit which is used for the reactive circuit of the 
impedance matching circuits of a 7th embodiment of this invention and which consists 
of a capacitor and a coiland the reactive circuit which consists of the capacitor and 
coil which were connected in parallel with it. 

[Drawing 23] Two series resonant circuits which are used for the reactive circuit of 
the impedance matching circuits of an 8th embodiment of this invention and where 
each consists of a capacitor and a coillt is the circuit diagram which connects a 
capacitor and a coil in parallel and the frequency characteristic figure of admittance 
of a reactive circuit. 

[Drawing 24] It is a circuit diagram showing the concrete composition at the time of 
applying the impedance matching circuits of this invention to the receiver of wireless 
radios. 

[Drawing 25] It is a block diagram showing the circuitry at the time of applying the 
impedance matching circuits of this invention to the receiver of the circuitry shown in 
drawing 38 or drawing 39 . 

[Drawing 26] It is a circuit diagram showing the modification of the conventional 
impedance matching circuits with the composition of "L-C matching"and the 
impedance matching circuits of this invention. 

[Drawing 27] It is a circuit diagram showing the modification of the conventional 
impedance matching circuits with the composition of "C-L matching"and the 
impedance matching circuits of this invention. 

[Drawing 28] It is a circuit diagram showing the modification of connection of the 
impedance circuit between the input terminal pairs and the output terminal pair which 
can apply the impedance matching circuits of this invention. 

[Drawing 29] It is a circuit diagram showing other modifications of connection of the 
impedance circuit between the input terminal pairs and the output terminal pair which 
can apply the impedance matching circuits of this invention. 

[Drawing 30] It is a circuit diagram showing the modification of further others of 
connection of the impedance circuit between the input terminal pairs and the output 
terminal pair which can apply the impedance matching circuits of this invention. 



[Drawing 31] It is a circuit diagram showing the modification of further others of 
connection of the impedance circuit between the input terminal pairs and the output 
terminal pair which can apply the impedance matching circuits of this invention. 
[Drawing 32] It is a circuit diagram showing the modification of further others of 
connection of the impedance circuit between the input terminal pairs and the output 
terminal pair which can apply the impedance matching circuits of this invention. 
[Drawing 33] It is a circuit diagram showing the modification of further others of 
connection of the impedance circuit between the input terminal pairs and the output 
terminal pair which can apply the impedance matching circuits of this invention. 
[Drawing 34] It is a frequency characteristic figure of VSWR of the conventional single 
band receiving circuit (refer to drawing 37 ) used for a portable telephone. 
[Drawing 35] It is a frequency characteristic figure of VSWR of the conventional 2 
band receiving circuit (refer to drawing 38 and drawing 39 ) used for a portable 
telephone. 

[Drawing 36] It is a frequency characteristic figure of VSWR of the conventional 2 
band receiving circuit used for a portable telephone. 

[Drawing 37] It is a circuit diagram showing the example of composition of the 
conventional single band receiving circuit used for a portable telephone. 
[Drawing 38] It is a circuit diagram showing the example of composition of the 
conventional 2 band receiving circuit used for a portable telephone. 
[Drawing 39] It is a circuit diagram showing other examples of composition of the 
conventional 2 band receiving circuit used for a portable telephone. 
[Drawing 40] It is a circuit diagram showing the example of composition of the 
conventional impedance matching circuits. 
[Description of Notations] 

1 and 1a impedance matching circuits 

2 and 2' input terminal 

3 and 3' output terminal 
44and 5 High frequency circuit 

10 The 1st impedance circuit 
10a The 1st reactive circuit 

11 and 12 Coil 

13 Capacitor 

14 Parallel resonant circuit 

20 The 2nd impedance circuit 
20a The 2nd reactive circuit 

21 and 22 Coil 

23 Capacitor 

24 Parallel resonant circuit 
30 The 1st reactive circuit 
The 30' 3rd impedance circuit 



31 and 32 Capacitor 

33 Coil 

34 Parallel resonant circuit 

40 The 2nd reactive circuit 
The 40' 4th impedance circuit 

41 and 42 Capacitor 

43 Coil 

44 Parallel resonant circuit 

50 50A The 1 st reactive circuit 

The 50' 5th impedance circuit 

5154and 57 Coil 

5253and 56 Capacitor 

55 and 58 Parallel resonant circuit 

61 61 and 63 Capacitor 

6262and 64 Coil 

81 and 82 Series resonant circuit 
101 Antenna 

102c High-frequency amplifier 

103 Frequency mixer 

104a and 104b Local oscillator 

105 Intermediary frequency amplifier 

106 Demodulator 
110 Switch 
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S102a, 102b©VSWR-f»ttSttB, H3 
5 (a) ©=0<Dlfttfl«|*JH*R/<>Rcj&L:T£fi)J 
L?fifcH3 5 (b) tCg*TWttttliT«S*l*. 
[0 0 1 3] 0 3 9<D[2|S8«tEBl;J:, 0 3 8<£>H]SSHiJ=i)4<D 
WZmT'&Zo TfcifrS, 820MHzfli1900 
MH z»fflt LT»«»Haft5W 10 3a, 103 
bt I FUNIS 1 0 5 a, 1 0 5 b*»WTl/»SH3 8 
©ESSHIflitJIfty, 0 3 9£>[E]SgH§/rC s li, 8 2 0M 
Hz^il 900MHz W©3R*©a««*-pftffl-r * 
fla»5*-9-l 0 3 <h I FJMNW1 OStfRttT**. 

*<offto!)«Wi«ia3 8fl!)Ji$i:rai:T**. S5H;ft*t*s 

SI 0 2 a £ 1 0 2 b<DAJ]&WV8iX.%7>'( 1 0 
7te, 0 3 8 T* « tf, ±E«fi80«aJc 

C&CT, JMWMM1 0 2 at 1 0 2 b©ttl**«y 
iAW-fyfl 09L iigP58JgS1 04a£1 0 4 

b©a**«jy»A*x-ry^i i o£#kw-t»*. 

H3 9©l2l»*fi)6H:J3ltSSJSjSi«ieS1 0 2 a, 10 

2 bCDVSWR- f Wttti, 0 3 8©Ei$«J?£<D*§£-<!: 
IH«HC 03 5 (b) IC^-Tctolc^^o 

[0 0 14] LfrU 03 8 £03 9 ®ls]ttttj$-?($* 
X-ryfvy*aT4bW'Tyf 1 07. 1 08, 1 

09, 11 oftea?*5i?6, 0 3 7 ic^-r*— j^jjs 

tb^>o £fc, 8 2 OMH zSi: 1 9 0 OMH zft(DMm 

Rcwioaistf 03 7^>*— ji 

[0015] fc?. cnswiBB**^*^. 0 

>X • ^-y^V^SKcDQ^gT^-ti-, toT8 2 0M 



Hz*i1900MH z»©ffiS»»*lC^T''f>fc; 

£<fcfc*. C (Delete, «JSsft4INHi 1 0 2 a, 10 
2 bWSWR- f Witts 03 6K/tVTJ:5K, «fl3 

(gjgft < V tf- yyxf^07 •> V^O »T* ft ^ 
820MHz ^£ 1900MHz »©5K^tCfct>T 
ififtW*? y * > rWB t ft 
[00 16] LfrU H36fl)VSWR-f»tt€«« 

[0 0 17] XlORHUt, 820MHz 190 
OMH zHO^fhlCfet^TtiiftOt-ifV^II 

tcBte"r*c£#T*ft^ci:T**. etui, -usw 

IC, -<>kf— Jf>X *7y?>?EUIfe 8 2 0MHz 
9 0 0MHz (DQifflOmte&T&Z 1 3 60MHz 

lefc^T-r > tf-*>ztf»iffllc>r >y 3 J; a 

[0 0 18] %20Nlljftttx 03 4^m-JS;fiiSwffl 
0 V S W R - f LfcUl^ltJt^TSfllittt* 

5 6" 8 T-« y , $ ©ffiT* L46 8 ft 7c Q tc <fc o T •< 
>e-^f>X • 7yf>y0Sl 1 0*fct*1 2 01CJS 
tt*«7J»*« t *DnT*fc«>T i t>fc*. 
[0 0 19] 

[«^« { »35L«fc5i:-rSSUH] ±»Lfc«fc3te» 04 

otewLfccfc^ftftSso-rvtr-*;/* • ^"y^v^m 
B1 i osfctii 2 0SflifflLftilti:a;, SiScJSIft 

[0020] fcf, *»««0Bttttv s^ltmnfcn 
[0021] ttzwcDmommt.. m^mntc=-o& 

£ -TV tf— Jf V X • ^ y 5 1 V ySB*«etr S C <t 

[0022] *&w<D-i£ 6tcfis<oaM«, «7jta**« 



(6) 
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[0 0 2 3] 

^^■■y^mzis^Z. WE-f X • ?«yf > 

nmmo y t 7 * * >x<g £^*.£JS;fiS8M#i4£*#-3 y y 
<7*>x\s\%*ffif$?z>%z'\ xf-'yyts WEanxf 

%ijt<?z y^m^o <J7"7* >xm*n&-? z& 2 x 
f-y^ WES2Xxy7T-waj3-ft/cy7 7 ?*>x 
ffi£WT*WEy7'?*vxiE]s&€m^T\ bOIB-oj-x 

±0D»J5:*ra»»tc*5^7HulB-1' Vfc°-?>X • ^?"yf 

>-?iH]iKO'f >tr-$f>xfifr&jfc^u toT-s-tiss 

&£/H>£&lc*s^TiiuSBJ& 1 BHMXVbf-r ?>Xffi<i: 

wes 2 ass©^ v tf-s*" vxffis^-neoBjSttfcv 

■y 3 Xf •> 7<!:£fit*./i:C t^Sttr 

[0 0 2 4] (2) *liB^CD-f >fc°— • ^"y^ 1 
>?'737£7His Jg1 Xf^K8^L WE-fV^-^ 

>x • ^-y^y^[Hi8SF , 3wai»a)y7''5'^>x3S?a5=& 

*£«BT*y* LfrfeHulB-oj.X±©S%5JSl»»lc 
fc^T*-tt-?'tlF/rM<D 'J T 7 * * >Xfit£^a.5jl]&»13 

■y ^IcfctNTs WESH 1 Xf7 nfcWE'J Z 

<7 * yX\3\3&<D&4Z:BmtZ l )7<7$ >X3R?c7) 'J 7* 

<7**>xmzmhTZo ? lt> S3X777 
{i^#r*HuiByz^^>xi2]K^ffi^T. huib-oj-x 

iroS^^JD^lcJi^TBiJlB-Otf— SOX • 77f 

fct^T. mia»iia»tJit2igtt©-fvt:-yvx** 

[0 0 2 5] &1ts ctuz&v* mHzMtltc^l&Z 
[0 0 2 6] SSK* =.-?$>%M*%ftKJL±<Dffl : &mV) 

*n*ntc6t^T» WESgK m2<o0^<D'r>e-^ 
vtr— ?>x • KBH-r*«*»ft©*iflp* 

[0 0 2 7] (3) *^©-<ytf-^>X -7»f 
snsm/mti LliHTB, WE* Ut7 7?ltflMr 
WS 3 y T 7 •? 5» V X ES&<7>& * tf#«H«Mt*A/?a3 



[0 0 2 8] *5MI3(D-r • ^y^V^fJSSS 

^>X*?OMfiJtt«ilHlK<!:*ti«o C©«*s WE« 

fiian^ stMcstfu»c«H«*nf=RJitty t 7 ?* >x 
x?&*>ttu vx*? «^t>M?!i*asi2]srr*« 

[0029] *«wa>-r>tr-^f>x • 
e icawdw* Li^jTt*. iicmm) y 

iB«ssiHiKt\ st^icKHicmit^n/tiPitt y t 7 * * 

VXJR? £S«4'J T 7 * * VZ** fc^fcDBUfcSBtt 

[0 0 3 0] *aw©-r>tf-^>x • V-yf 
<D*S * LlHUTtt, WE* 2Xx7 

2>iJ7"?'$i>xm<Dntiit\ WE-OJX±<Z>K&£JS& 
o©»a«HHcfit**ttE» 2 EHMJ-f > If 

tlx Lfrtx znmic. mE=ow±<o»a*jaa«i= 
fcnt^stES 1 igaKO-r vtr-^>x«u:*ftf n«ji5 

^ -v- hiitsaar^x^yyix wex ~ x • ^ -v - 

WEX5X • ft- h^fctiT' K5\y*>7 • ft- h 
vzft. iuE«ififl)RS±H:^i(i-e-L«»6nrclj5SSI1 

[0031] (4) MM^yi;-' sfyx -77? 

T, H iJEmilBlK6 ,i }«^*ti5mi4S ; ?»«i:. WE* 2 
sa6' { S«ET*-tl5M24il8^»<ts WES 1 tS^WtWE 

m 2 w? ti<omzmt e nfc*«©-< > e :- ^vxeik 
E^■pJ•x±ros^5is«»^i:^3t^T ; irn ; ?t^msc7) y t 7 

^WLTl^Tx ■?-<Dy7''7*>;*0Sglc e fcoT ; 5-*l6g 

lis WE*1lHiaO).<>tf-^VXffitWE*2l2lS&c7) 
[0 0 3 2] (5) *^c7)^>e— • ?7f 



(7) 



^BB2 0 0 0-3 67 2 1 



IBS? 1 0»i:^2lHlKO-l'>tf-^>7.5-f-tiea)*jg 
(6) *«WO'Tve-yvX • -7y^><r^C0Kf 

o«aa»oiiBiuti:«-r*. 

[0 0 3 3] *SMI3flD-r Vtf-«f>Z •7»fV^SB 
©ffiflDff* LtAfflTU, KtCMWaKt^ 7** 

y 7W >x*?tMtty T 7 ? * V^*?*$tr3fc5iJ 
Tv R5W4y7'^*VX*?fiJ:a { S«tty7 , ^*>X 

[0034] *afli«0'fv^-yvx*-5?y^>^ia» 

©tfSlcflWMJ * LIMHT'W, MfBfca© VT?9>X 
SB©***, SWCil*JlC*iJtSftfc**<D#JSigi& 

T*=o©HSHBM)Mtt:ttll , r*. C©«^ $?£L< 
M\ ttKJWEWM)**^ EWcifc5>Jfc»«*nfcBi 

VXJR^ ©'J>& < t STOHCSM LT«6> «fcl\ 
[0 0 3 5] *«WW'fVt-^V7 • 77fVfBB 

y7»**>x*?©ItWKSlH]»£*ft*. COtt*, 
§15114 y T 7 ^ f <h y 7"? VXSf 

[0 0 3 6] • Ty^vySBl 

<0* 6 lcffc©$J £ Ll/HWTOs iiuf B*S8© >J7<7*>X 

r*="3o«a»©iau:tt«r*. c©«^ j?sl< 
wisy7 , ^*vx*?ts«tty7 , ^*>^*?**ts 

LT> K$1*y7 7 **>X£ : ?fc£U : §*tty7 7 ?*V 



[0 0 3 7] (7) *!M10><r>e-j'>>l*7<J'?' 

[0 0 3 8] (a) BulBa»©'f>tr-^XlHl»a>3 
off* WIB1I1 tiffins* 

[0039] (b) iwiB«»©*ve-*>;*Htt©3 

KiMJMrfU Suf3««<D-f ?' 

[oo4o] (c) mtm&o<<>£:- o 

%<D—-3t)\ fifliam 1 4£^*t©— tWEJS 24S 
tftu «IBWM)-r>lf-i * 
-SODAS©— Otf, SufBSg 1 

*»» Siii3aia(D-i'>'t°-^>x[2iKcD5-&©^6icf6< T ; 

[0 04 1] (d) MIB*»©*>£-#>Xigi&©a 
tOTBS 1 iS? WCD-73 MI3m 2 IS 

m&mv><<y¥-'? 
[0042] (e) msmk<o-f>\d-^>7.mno>o 

[0 0 4 3] (f) MEJttMM'Vfc:— 
•5©-o*\ tijIBSI «?«©-73©iffi?<!:BufBm24S 

-l'>tf-^>'X[Ill^<D7-5©fte©--P* ,i . BuSBSSUSs-f 
MCDfftTJOSST t BulBM 2 SS?W©fi67D OiS? <t ©MT 
jS5>JtcS«t*ti> tuf B«HSO -TVtf— -Sf>XlHl 
tt©5-60*6icffi©— iS5<Jlcffi8!*tifcBiJfB- 

[0 044] 
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[0045] mimmmm) hi (a) 

1 mtmm^y^— ?>x • fro 1 ©«fiK 

<h, -f >tf-^>XZ 2 ^fi-r^S2-<>'tf--5« r >Xl2l 
K2 0«hi!iS«f!E*n5. m W>fc?— ?>X0Sg1 0 

? 3 (c^n^tis^? nn^o ^-rvtf-^vxiH] 

% 2 0 <D—l5<Di%*lt. ^K-Otf-^VX-T'V^V 
1 ©A73lffi?»C7)-73 ©Sir? 2 ,CS«* *U ffetf 
©SS^«^KIb]» 1 WA7jSS^©fte^©4S?2' ttti 

[0 0 4 6] CO-<>fc:°--Sf>7. • V v^V'J'IhIKI 
li, ^OA7j435^542, 2' fflflteJfcmSftfcSJasl&SSS 

3, 3' flitcttfff nrc»n»isiK (ias«r) oaji 
[0047] 01 (b) o-otr-^vx • -zvi-yy 

[HlSglali, 01 (a) !CSt-<Vt-^-77f 

HSSlOai, ■J7'**>XX2**nr**2'j;r** 
>Z|^2 0a£7**n*ft1I»T*fcJtti:» AiUKfft 
^+lfcA734«?2' «hai7j4S?3' *»iftLfc«.«)tC« 

a-r^o *irntf, hi (b) ©-rve— 5f>z«7 
»f v^06i au, ei (a) (C5VT-f X 

[0 0 4 8] *CT\ KW*WIMb-r*fc»s UTOitt 
fETH*, El (a) OJ-Otf-^VT. • ^->^V^Ih]SS 
1 TH*fc<, HSlWbSftfcB1 1 (b) <DY>tf— 

fcf--$fVX • VyfV^HH a «fctfflMfebN¥§ 

[0049] Ell (b) ©-Ofcf-^VX • -Zv^X? 
E8S 1 a THi, 'JT^SVXXifcfrrSSl 'J7»** 
VX0S8 10alt ^-tO-oOiSS^^aKlHlK 1 a <D— 
33 COA734S? 2 £— 3 .C^tl^tl**!** 
TV So V7'7 / ?y7.*2->kM-?Z>'mi')T'7W7M 
S& 2 0 a te, *0D— ^(OMW^REBi 1 a O—JdOX 

titz? 2 izmmzn* fBD&o*nr#»i*nT^*. -r 



ft, -fVfcf-^VX • ???>?|SUb1 aOftftonJI) 

[0050] 3Wc *«w<o*i*jt»«©-rvt;-y 

>X •Ty^V^SBSl a<0J«*ttigiMUa*» H2£ 

[005 1] BUtcSTcfc^lc, mi 'JT'-^VXESS 

1 0 aliHOOUT'^^VXSR? 1 1, 12, 1 3fr6 

una***. U7"?*>xjr^i m, ■hmsut'** 

yy***>X*? 1 2tt, -fV^^VXLu 
**-r*3'fJl'T**o 'J7»**VX*?1 3«\ 

[0 0 5 2] ZKM/1 2 < h3VT r >+M 3t*5tScM9J 
tCaHHSftT^*. =K;H 2£D— 73<D4ifi?i:=l>7 :: > 

3o- 3&©«6?tts aaas?3ic*»iHii*nTv 

3. a-fiH 2 0^7D<D4s5?<!:=IV7 :r >tl-1 3rofte33<D 

*. 3^H 1<D^73©4S?liA734K?2lCl$^3-nT 

[0 0 5 3] EWCttWWMIMrtlfcia-OI/l 2t3V 
t^+M 31*. H3 (a) lCijVr<fc?lC, ftSMKftf 

oi^*-r^3£?ij«jsi2issi 4*«mst*. ioT> n 

•J7">*VX|2lS&1 0 al*, A*|«KP 2tai*if 3 £ 
©SIT, =i-r;n 1 £tt*J&SlB]ttl 4tf£^(CBB!lti: 

[0 0 5 4] 12'J7^^>X0»2Oat*> H2lc*t 
?J:3IC* mi 'J7"??>Xls]S&1 0 atm^m^T'^ 
y, =0£D l J7 7 ^^>XJR ; ?2 1, 2 2, 2 3fr5M 
Sft*. U7 T -5'^>X*-?2 1 li, -f L21 

**r*3'r;uT**. 'J7»**>x*?2 2tt» -rv 

?2 3lt +l'/\°i/-5»>7.C2 : &W-r*=]V7 :r >-y-T-* 

So 

[0 0 5 5] af;U2 2i:u>x>-y-2 3l*5lMCM9J 
iCjgflWfttTl^o =]-T;U2 2©— 5&©*HKF t3>f> 
V2 30— 3?<7)ils5?tct, =H';U2 1 CD— 73©4S^IC«j1 
SiJtlTt^. ZJ-f/U2 2<Dflfi75'C04ffi?<!:31>7 :; >'9' 

2 3 ©^73 ©ftim*, «iStCj$ift^nTt^„ =l-f;U2 
1 ©fft73©«^lctA734ill5?2 lCffi»ES-tlTt^o 

[0 0 5 6] SVKM^Jfc&Jfoi-n/c^-Ol^ 2 i:=3 V 

7 r >t»-2 3t*, Ei 3 (b) (c^-r^aic, «siiia2iaf 
02« : »"rsM5'jttjsis]ffi2 4€-«^-r«o zonmmxi 

»f02t*iS5^ ttW^ttSSail 4©ttSSJSi6»f oi<tl* 
J:oT, m2*JT<7$>X\Ei3&20 alt, Kti 
m^2tm^t(DrST\ H-f/U2 I tM^JttJllElSI2 4 

[0 0 5 7] tt±ffl«fS*J$Ol 1 ^^^2© 

'jy^^VXtUffil 0 a £ 2 0 a ffll^lC^^TISW 
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[0 0 5 8] El2lC;jVr<fc-5Ks tefflBSlCti, -f>fc:°- 
?>X • T-^vyiHlSgl a<DA*l*!ll?2£»ift<DlBlC 
ffiJS»0tt5tfjfttft«tu ^0tU^4S?3<!:i«il!!<!:a)P^ 

>^|h]S&1 a li, g&£--p£>ji;&» f i<t f 2°mJ5K 
fc^T> A734ss : ?2ffliJ(7)iSJl;JSJ[H]K5(7)til^-1 / >e— 

[0 0 5 9] fcfcU 7y^V^H««f Itf2«. tt 
* u - y(2jr/)Iu 

[0 0 6 2] ^CT\ BSC (1) ■?JM.Sft*3-f;U1 
1 CDUT'^^VXXn^llI/Xv'ri.^x 04 (b) <D,£-5 
IC&3„ U7 , ^*>XXiiOJijS«)tWtttt« 

[0 0 6 3]fte73. 3Y;H 2ta>f>tH 3/)S6 
SttMftJNMt 1 4<7)'J7 7 <7^>^XLClt*v *«Ma 
(2) T'4x6ft5. 
[0 0 6 4] 
HR2] 

A\ c . , ^ ( 2 ) 

[0 0 6 5] use (2) -p^sn^MWftJBigHn 4 

<7)U7"?'?>'XXLC1 : &I21^5^E4 (c) O^dlC 
f = f 0ilc3lt^clBiWiB**a«i:r*ft«iT^*6 

n%» te«u mmmms&i toxmmmtf oi»* 

OttSC (3) T^jtSft*. 
[0 0 6 6] 
[»3] 

[0067] ftoT* MfUftffiES&l 4<E>y7 7 ?$V7. 
Xmlis ffi*H3M* f #*JSH»tt f 01 <fe yffii^fcH 
Ttts f <D±»lC#oT0Jb x S«*lCiil)nU foilofi 

^< iz-otiT+mm±-£?wm?Zo flrensn f # f 

01 <fc y Sl^SSBTlis f y t 7 * * >x x 

[0 0 6 8] S3 (a) (Dm&Ml&frZWbfrK-Zo 

iii, n-r/n 1 <Dij7?zyxx-\-\tmmm\a\&i 
4<oy7 7 ^£vxxLci<9*aT&£o <t^L mi yy 

it. 04 (b) tm* (c) ©«aiw«i4**jar*c 



5>JftSia»14, 2 4(DftSntt0tf()1* f oztOK 
ICs fl<f01<f2^ f 1<f 02< f 2«>M«*«F*3o JS 
»»f it fll** #J*.«'8 20MHzt1 900MHz 

[0 0 6 0] *r» fl»JSSaWft*>5s HuStDiSHjK 

B» 5 t^ssassftT f tr* 

<t> mi yT'^^vxiaiasi 0 aowyttoxm?? 

(1) T^en^o 

[006 1] 

[81] 

(1) 

•hit* y^a. 5*1*0 J Hi*H4 (a) ICotT. 
[0 0 6 9] 1214 (a) #6916frfcJ:-5lC> S£ 1 y T 7 
-7^>X0K1 0a<7>y7 7 '7£yXXi<7)^;jS»1t14 
li* tt$lftSla]ft1 4coy7'^^>XXLC1^'a^ ! ^ 

fs^js»a f a 11 f 01 * ui^iHTit f (D±mz&v 
t o tret** icisfio u f 01 icifi-^x ic-ptir +mm± 
*7»imnr *. f # f 01 «fc y ki/ottw:* 

f ©i*'J> It y T 7 v X X 1 lit** lcigf'> U f 01 
lci£-2KKonT-*SPI;*:U:ji-r£o ffrfrs froisiint 

[0 0 7 0] Xtc. 04 (a) (Dil>ft^1t^60^efr 

& .j: -5 f #tt?y ASisiik 1 4 (*>#jsj§& 

IS f 01 £ y ^*tMI^J#oJ»^lc(i, y 7? S V7. X 1 
li-*RPS:*:fr6+*»PS:*:£ \mm : & 
a f tf£W9SSt f 01 J: y 'J^tMi**#^Ji^lcii, y 

M?Uft«lHlKl 4^SJS;Sl»f oi«0fii«v mM^-'P 

^yrmtem f i<t f 2^P^i^ia^t-*^s*^?> 
#s f©KiT'f oi^i^^-^^s iB*^itgu:sar 

f«) ic^oTSffi-r^o f oi^fit^assicia 
* c t iz <fc y % sinfcjifcs f 1 1 f 2^*jits y t 7 
^ ^ x 1 ^marotisic^ft^ftj&ii LTis^-r * c 

[00 7 1] 04 (a) ~ (c) iCfct^T, X 
11 (fi) <hXn (f 2 ) lis f = f i*J<fclff = f 2 lt^ 

^5y7 7 '5"S'V7.«?-r^+3-6n'r;n ia>y7 F **v 

XXuffJiS^nftl/TL. XLC1 (fi) «tx 

LC1 (f2) l*s f = f iJJ^tff = f 2 lCj3lt*MfiJ«Sl 

@ssi 4c7>y7 7 '5'^>xxLci^i^-?-n-? i n^u xi 
(fi) <txi (f2) lis f = f ifcJcO-f = f 2lJ:*ilt 
*mi y7 7 '?^>X0»1 0 a© l J7 7 -5"S'>7.Xi^i 

s-^n-^n/xsLTi.^0 

[0072] mi i)7"7*>xel'&i oa^isna 



(10) 
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^«5SBRfl» f 2<t3l1 'JT'^VXIbIHH 0 a<0'J7 
?*vxXicofiIfre>i£}& «#TWlc^*65ili:liffllt 
T'fcStf, «?ttJWI*ffiffl LT«itt»lciR*«**» 

[0 0 7 3] fc*>\ 04 (a) ©jajjSa^ttfrSSESfr 
&*?IC miHfiSfi5!STHis »t^©«a«f2»Cfc 
tt*J&1 yT^^XEttl 0a<7)"J7''?$>7.XiCQ 

fiixi (f2) i*x lE&^rttcofiifcsxyif*^ ffit^ 

CDJiaaf iKi5tt3U7 7 ?*>'7.Xi©{IX 1 (fi) U 
IE(7)fiiL6 s ISin'5:^(t^-5$'JPfi* ,i «5o fS^t, £1* 
mWMM^d— • ?7fv;i5lKl aHt> Jia 
»f itCfet^TSBl UT'^^VT.IhISSI 0 a OUT 7 ?* 

>xxi (fi) ^ft^Hctss-r^^STb^^^icl* 
S6»tt«)». % rtu^«afflT* c tie j: y , c <t?*<jpsi*p* 

[0 0 7 4] &2<JT9*>7>\3&2 0 alCOV 

X0SS2O aliSl y7***VZI3Hn 0 a i: |B] CADE 
T*ifc%«DT\ m 1 'JT'^'S'VXES&I 0 a ICMT*±I3 

X0S&2 0 aCOyT'^VXlR^f&to 1 CO 
U7'^^>XX2ll*s :*C0»iC (4) ?#X.Sft«. 

[0 0 7 5] 

[»4] 

X u - J (2m/) ^ (4) 
[0 0 7 6] »iC (4) ?4X.Stl«3'Ol'2 1 tOUT" 
^^>XX2lC0JS»Dt ! ttttl*. 04 (b) 
«. -T^fc-Ss y7***>XX21©JaSHH3ttW:flljSi* 

[0 0 7 7] W< 2<ha>7 : '>- , t2 3fr5& 

*3fc5»JWSlHltt2 4©y7»^*VXXLC2t*s *©ttSC 
(5) 7*43. 
[0 0 7 8] 
[»5] 

[0 0 7 9] M?J#S0S&2 4CO'J7'?<S<;<'XXlC2<O 

n-aawtttts H4 (c) tw«T*«. T4*>5* u 

7 7 ^^>XXLC2©JSaaiftt^ f = f 02fc5IWctB 

jgia»2 4co«ssaiSkf 02i*3w>«as (6) t**s 

[0 0 8 0] 
B&6] 



[0081] ^ot, mmmm$&2 4(dij7*z>x 
x LC2i*s f Jtrawww* f 02J: y fit^KH 

T«v f £>±mc<¥oT0frS&*KifJJPU fo2(Cifi 

02* y i^mim f co;jt'> tmz vt?*>xx 
it?, fls^s f©iinn««cofc«art-*. 

[0 0 8 2] 03 (b) ©|h]»«!^6^&6 x *J:3 
IC. ^2 >JT?#>XW&&2 0 aCO'JT'^'JiVXX 
2 t*. =I-<;U2 1 <DU7'^*>XX21«hM$iJ#JS[H]S&2 
4©y7»^*VXXLC2«»"P**o i^T, m2'J7 
<7^VXEIK2 0 atO'J7 7 '?^>XX2CO^ia» ! tttt 
lis 04 (b) 4 (c) 09JRttM»&*dJftLTff 

fcB4 (a) in«i(oaiiT»4*6n*. 

[0 0 8 3] 04 (a) 6^6W6Jb x *«t3lCv S2'J7' 
^£>7.|h]S&2 0 aCO'>!7 7 -5'-S'>XX2CODa» ! lt14 
ttv ttSJAJf Isltt 24C0iJ7"7^>XX LC2©«a»W 

flmiauk f tf^ssaa f 02 «t y fi^iiTti f to 
T+MPa^^T-niflp-r^c imiXR f # f 02* y »^ 

KHTlix f C0«'J> t WlC 'J7**>XX LC2l*^^ 
Jt'>U f 02^^ < K^ftT-fRPS^lCJITSo ftt 
f ©itap<h#ic+Mfi*3:TiSJ)P-r*, 
[0 0 8 4] $fc:. 04 (a) fr^Sfrfccfc^lCs <1 
9NttR f #ft«JS»» f 02* y **Hl*J*0»£fc 

*nxy -5 *. ii^jiaa f f 02* y 

ixy?^ fteTJ. M?jttffi[HiK2 4coftssjsaaf 02© 
fit. msico--p£D^-y^>-yii^af Kt f 2 coF^icia 

t> f 02<ofii^®^n:^-r Nettie <ty, unfc^a 

a f 1 £ f 2K33tt* 'J 7"7 ^ >X X2 ; &^fStO^ClS^ 

^aa f 1 i f 2 icLfctt5 y >x x 2 ^i^j4iz: l 

[0 0 8 5] Sl2y7''7^>X[H]K2 0alC33^?.=l-1' 
/U2 1 » 2 2t7)'T>"Sf-5'^>XL21> L22<^ □V^V 

•y-2 3co*^/\°->-5. vxc2<o{l£x miico^y^yy 

Jiaafv f2<tS2y7<7-SiVXlH]»2 0aC0y7'^ 
^^T.X2c75fit6^eiUg. #*ffttlc*»;5C«!:tt:ffl8rc? 

f<C<tH:«fcy, nfTaco«^3?»5c:<l:* ,i prfi6T«^o 
[0 0 8 6] &33s 04 (a) ft»6W6* x * * 3 ^ f 

= f 2Kfcnt£y7''7*>;*X2cofii«. iEft^mcofi 



(11) 



2000-36721 



fifemftlro-Ofc-^VT. • ^y^^lHlS&l at*, MS 
*St f 1IC33I^T3I2 U7"y-*>X0S&2 0 acDUT 7 ^* 
VXX2£^xDfIlCtg^5#£jbSfc£>l§^lCteiIfllT- 

T^SVAEStJI 0 a, 2 0afl)L>m!bHt. «25<*>£ 

2 rojusjfjfgrot^-rn^roti^^jgffi-r * c t iz 

[0087] SLha^fc* 3 fcx *3£fEc7)Sg 1 SSfifcffJUS 
cT)-rvtf— Jf>X -?yr^[2ll»i atcj:n«\ J9X 
»f 1<h f 2^*5^**1, St2U7"y-*>X|£]S&1 0 
a. 20a^J7^*>XXi, X2<2fS£**V? i ttiI^ 

tciss-r^d-hicfcy, A^fis?2fflijicj$«s*n/ci£mi 
atisitt 5 (omt)-< > sox t tuxm* 3 mtcwmt 

tc—-O0)mfa®L f 1 £ f 2^fcl' N T*ft ; Ptl*)itilU:^ V 
tlfcjg»« f 1 £ f 2 (#J*tf\ 820MHz<!:1900 

mhz) z*n?n^ts--o<Di3ii!i®.fte)m^i£wm-? 

[0 0 8 8] *6fcx -•2c7)g])&& f 1<h f 2Kfcl N T ; ?- 
ftf f *l«j8ffite'l'>fcf-$f*>X • 
46x JfclcaKfcttSWH (H3 6#£l) WaSOlf- 
#VX • -?vT><f®S&V>Q(Di&T<,Zl&Bl?Z>'$.t>»*: 

[0 0 8 9] :^lc, tt±<^ifiJ?^o^ 1 HSg^ffitD-r 
ytf-y>X • V-y^V^Hffil alCfcU-OCDjgjfcgfc 
f i<h f 2lCi5^T-<>hf-^>X • 
SM> l2l7«#^L*3b i; 51tt0^r^o E7«, 
Og1 SJfcJMgcT^vtf-^VX • ^-y^V^IslSl a 
<7)»^S^!KB^-r«fc46CD7>5X-5 1 i'-h (Smith 
Chart) T-££o 

[0 0 9 0] — flS(C> X5X • ^-V- Mix fii&fgSScT) 

fi.&ic*t j^-r * f > tr- > x \zm*mz> z. t # 

H>%» ii?f?c7)XSX • ^-V-Htlis otr-^vx* 
^■rttilSW^^Si^n^*^ E^CDXSX-^-F-hT 5 

[0091] ccm — mtLT. -otr-^vx • 
s^*nfc^;fi[siss5cDai7D'rvtr— ?">x (=so 

[0 0 9 2] • f-f — Mcfc^T. 

otia^<tt-*^>fc°-?>x5 onictttsu -o<o 



^<0«lKfTfe»J. RA' liT" K5-y*VX{I# (1/5 
0 0) iz^Ll^(DWMl:'&*J. rattmi'J7'?$>X 

&D<\£D 2 lt. ai73tS^3tcS»E?n/cSJa;«l2]ffi4<D 
im^m : Mn f it f 2icfclt^ai73-l' Vt:°-?>Xtiilc* 
tl^tlWfS-r^o iSDitD27(*> 'JT^VXfil.i^ 

[0 0 9 3] $-T\ «#JS;£8 f i<tf2^fctt*mi U 
J^S-VXIeIS&I 0 ac7)Y7 , ^*>XXi£^tVE f *ljI 

S-y£yXlg# (1/50Q) (Cl?Ll>P3A' ±t7)£C 

i<!:C2^ ; 5-n ; eti^i()S-i±^c Sgl •JT'-y- 

^VXlElS&l 0a£>'J7 7 ?*>XXi:&x ^CDT'KS'y 

*>xtii# d/5 on) ic^ix&^cfc^Kts^-r 

So 

[0 0 9 4] XiZ, ffl*»a»f lif2»=»W**2U 
7 7 '?'5'>XIe1SS2 0 a<7) l J7'^^>XX20fI^®^lC 
ia^-r^Jii:lcJ:ys P3A' ±lc*S,'SCi<i:C2C0j«^ 

Ste^to-y:^., *»rntf» m2'jj">^>xiH]K2o 

aCDU7'<7^>XX2*PS|-ri.C<i:lcJ:y. ft^lcjg 
«*nrc-<>tf-y>X • ^"y^V?'[H]S&1 a^7K5 
•y^VXffi^ (1/5 00) lc«"6^^6> -rvtf-y 
>X • ^-y^V^lHllSl aCO'J7 7 -5"5'>XfiK^O.C^: 
Z&oicTZ,, ZoLT, UB7D4« : ? : 3ffliJ«)S5iS5filHlK4 
CDA7J-<>t:--50X^H*s pfflKDfl^JliKa f 1 <!: 
f 2WjS^lCj5UTA73tffi?2fflljO)SJl»[sia5OT[lJ73 

-otf— j^va 5 o nic^ v * yyzftz* 

[0 0 9 5] ZtHCtiLT. I214 OlC^Lfc^JRt^-O 
e-^VA • ■7-y5 1 >"? r [2lKl 10m ca>J:-5£» 
Sj.*^pIt6T^5o ^-©SS^E5<!:El6€-ffl^TUl0^ 
■TSc 05li, 04 0K^Lfcft*<D'l'Vfcf-$fVX • 
^.y^V^(s]8Sl 1 Ot. ^©IhIKI 1 0©aa73tJlCl« 
St*^fcS!Jl;fi[HlK 1 4 0twU Eieii^-ro-Otf- 
^>A • ^-'y^V^'tHlSSl 1 OCO»)^U{B^-r?./c46(7) 
75X'ft-^if. EISTlix SiS-^l2lKl4 0 
(Dr-^Vv'A^T r ICiSjJllW^/^-f ZA^-^X-SIhIIK 

[0096] msic^-raejRo-otf-^vA • 
>-?-|h]S8 i i o t\ fli^naKK f 1 <t f i<r>mi5\zt$^T 

It, cKDIUKl 1 0*^ --p<D4S?1 3 1 in 3 2lcS 
«E*nfc=11';H 1 1 (-r>^<7^>ALni) -tx 4S 

^? i 3 1 tm&t <Dnnz&mznrcz3<(>v\ 1 2 

■r^fe-Sx 3^fJH 1 1 £ 1 1 2(D'J7'^-S'>AX111 

fcxii2<DSjft»i5ttttx ^rntx E4 (b) tc^-r 



(12) 



ffM2 0 0 0-3 672 1 



tf&ZftlS 'J 7^ * >X X 1 1 1 £ X 1 i2£KIli @T 
oTLfl<\ ft£*«^J3;&» f l<h f 2Tt* X ! 1 ^iS: 

[0 0 9 7] <fcoT, 06©XS7. • hittil.- 1 

t, u-r/n 1 i <D>J7<7*yxxmiz&v. m : &&. 

f llcfclt«iSia;fiH]Kl 4 0©AMVIi-^VX4 
7jVrj£Di#\ P3A' ©RJS±(c353£Ci3:T-i&»HtL 
466n/c<fri><!:, JBsftfkf 2Kfctt3SJa&lE]SS 1 4 
0<DA73Otf— Sr>X*wrASD2W:x *KlSlF*ii* 
RB©RJB±lC**jSC3*?fMB)LTLS:3. RB± 
©,£C3?^ 7KSyf>X(i<? (1/5 0Q) IC» 
L<ftt\, Z<Dfztt>. 1 2©'J7"?*>XX 

1 1 2®mic «fey» £ c 1 i* o £ T»»r * c t » 
t* * #\ *©«kc (*£ c 3«P3 b ±©^ c 4ionHrr 

[0 0 9 8] *»^<0«1*SWB«©-fVlf-yvX« 

v^sssi 1 o&uji&y, £i. *2<oy7*^*>x 

ESS 1 0 a <h 2 0 a #H 2 (C^T <fc 5 ftfllfiBfcJtO. C 
©fcto, ±3>LfcJ:?U:, 1M?JS»ftf l<h f 2Kfctt3 

mi yy-^vxinissi o aWTtzyxx&zn 
fnaa jwiicisHrr * c t k * y » a d 1 1 d 2 ©sr;6 

?RA' ±©j»CifcC2lCS?**l* , iWM&3'-&» *© 

*s f 1 1 f 2lCfi»«* 2 'J Z** 

2 OaCDy7 T ^^>XX2<O0«5S^^S^-r«c:i:fc 

T> BJlj(K[iia&5t40fBT-f>tr-'Sf>X<D-e«y^> 
[0 0 9 9] (St2S«gmi«) 08~E1 2tt, *3£B,8 

[0100] jtica^rcJiiisisBBMo-rvtr-yvx 

• ^-y^>y[Hl8Sl aT'W:, ■ 2 (23%r £ 3 IC* R«tt 
iJ7f^V^03-f/H1, 12, 21, 2 2£« 
fflLTfcy, H7©XSX • ^-v— KCfefT^iDit 

1 i 2«fflfflLfefie*0'rvt:-y>x«T'y^>yig 

SSI 1 0 (L-L7yf >^ EI4 0#R8) tCttJ&T* 

@ssi low-fjHnim^si fc £ fctfsi2 

(0y7"^^VX[sISSl 0 a £2 0 a iC^h/Fftg&Lfc 

^©unisrso asmt*, mi asjctf^©',!; 7 ? 

*VXIs]SS1 0a<»:2 0ati, *n-fft3-f;H 1 1 £ 
1 1 2<t3£tir?253= 

[0101] cnicw LTs hi 2 icjjvriEis&fliiSfcft 



•p*2*WBttW)-f>t;-y>X«'?ry^>yigi»1 b 
E8lCjjVr«£-5£\ *-y/'f5/^VXCii3tCii4* 

jtoa>7>*i 1 3 in i 4*flefflLfc«e*©'rve 

• -^^^[slSSl 1 0' (C-C7ffV 

$o k, wis***©?**. r&fc>-5, %2mmmm 

©-f >fcf-2>7. • ^-y^v^IUSSi bti, -f>tT— $f 
>X • ?-y^>^lHiai 1 0' ©nv^y+M 1 3<t 1 
1 4*, mifc<fct/ : m2<7)y7 7 ^^VX[Hl£83 0<!:4 0 

O : M2C0y7 , ''?'S'>XIslSS3 0<h4 Oti, Zt&tlHZ/ 

r>v 1 1 3 1 1 1 4 tmm-z&z* 
[0102] *2 w«B«(o-r>fc:-y>x • ^**> 
ysai bTtts sic* *i*8WB«©-r> 

V- hlCfctNT^Dii:D2lift^[R)ltv'7 h*n* 0 d 
©'f>tr-^>X • ^y^V^TaWI btt, H 1 2lC^ 
TJ:3fc» ai73fl|iJltffi»l*nfcBJS»lH]»4' #K«tt 

[0 10 3] E8T'li> fifJRO'f >tf-^>X • ^-yf 1 
v^'IsjSSi i o' 7-rJU*F#S*lJ«;*ft*MSiaft 
ESS 14 0' 1 3 2 tcfttt* tlTf*. -fV 

tr-^vx • T-y^>^iHissi i o' mmt^mtim 

?1 3 1 <!;A734s5^1 3 2(C«tt*nfc3>7 s V1t 1 1 
3<fc, — *©fli?3B«tt*«? 1 3 1 (Cjt^^n, fte^<D 

«ss?«««*fiT!rnfc=i>x>+fi i 4 tfreflifiKS-ftTv 

[0 10 4] JB2SBSBg«<0'rvt;-^VX •■^y^-v 
^0881 bTtt, EH 2lc^-TJ:?lCs y7 , <7^>XX 
3^J#omi 'J79*V70B3 0tt=-3O'J7^f V 

xjr? 3 k 32, 3 3<c5is*n«. vyvtiyx 

y7'^^>'X3R?3 2tt, ^^/W^>XCi2^ 
tt53VT>9?«5. 'J7^^V7*?3 3lt -f 

2©— *<O«l?t3-f;U3 3 0!)— *©**TC4» iiJ7a4S? 
3 KJSfflgifo*- tlT^S. =1 >x>+r 3 2 ©ffe^©4S? 
ta-r^3 3©fB*©«?tts 3>r>^3 1 ©— »© 
«?U:»ffl«K*nT^*. S£oT, 3Vt>V3 2t 
=1^71^3 3tt5flcMfiJlcl8«t3-tiTl^o =i>x>+r 
3 1 ©fte*©« : 7 : ^A734«?2lcS^tlTt^o 

[0105] stscstwicswE^nrcav^vy-a 2t 

=l-f/U3 3«, El 9 (a) iz^t Jz o IC, ttS/S^St f 

03 : &*-r^M5'j«Jiisiss3 4*«fi)t-r5. j;ot> mi 

'J7**V7S83 0tt, A73«?2i:ai7D4«?3t© 
FHT\ a>T>*3 1 fctt9J#«lHlSS3 4#5lHCit?y 

[0 10 6] y7 , ^^VXX4*i#0«2y7'^^>X 
0SS4OI*, mi U7f$ >X0SS 3 Oiil^CISfiKTS 
y, H-P©y/ 7 ^'5'>7.3R : f 4 1 , 4 2, 4 3 6S*ffi 



(13) 



&M2 0 0 0-3672 1 



*>X3£?4 3li, .f>*r*5r>xL2«r*-*3-rJl/ 
TfeSo aVxV+M 2<D— yjOm^t^-OUA 3C0— 
£cT>l«m}\ ZIVxV+M 1 <^-73<D4fl5?lC«jiJ«^* 
ntt^. 3Vf>t4 2<Dmf5<r>im=i- tZl-( JU4 3<D 

>+f4 2tzi-i';U4 3liStMJ:M$iJlcS^T!rnTl^o 
HVxV-9-4 1 <Dfte^C0fi«?liA73!lS?2(cS«!*tlT 

[0107] Kwc&mc&tiiZtircziy^sy* 2 1 

3-OU4 31*. 1219 (b) IC^T*?^ &Sg/a&i3t f 

o4^*t-5a£fjttsg0S4 4^«fi£-r?.= <£o7\ m2 

[0 10 8] Z-PO'J7^^>X@l8!3 0i 

4o«i^-rnt,. ut'-j'^vx (-< vtf-^vxroffiitt 

ifflATSSMr^fcil^tt* -O0)'J7'^^VX[£]K3 0 

1 4 o*-r vtr-r ?>xoas&u:*n^ttS&-r*i«'* 

<. ^©iS^liEl 1 (a) .h^lUIslS&flifiEtJS:*, 
[0 10 9] iWC W±©*ja«lf3*2*SBB«©-f 

[0 1 10] £f\ «*«»«f ICfeltSJBl 'J7"7* 
VXHSg 3 0 <D >) T<7 * vxjr??- Ts-tt =l VfVtf 3 
1 ©'J7'^^>XX3ili, 3fcCD»xt (7) T*-5*.5ft 
S» 

[0111] 

[»7] 

JT 51 ^ < 7 ) 

" (2*/) C u 

[0 112] (7) T'^5tl5a>fVt3 1 <Ti 

UZ^^VXX3i*E^r*i:S1 0 (b) <DJ;-5l;:& 

*. -T^fc-Sv iJ7'^^>XX3lO)/SI;lS»1t14l*f tt£ 

xsiMi^^trsffl^T^^^nv ^icftroffi^^ 
Pfi^emmisZiiJip u oiciRirr*, 

[0 113] f&S. HV^V+tS 2<!;=lf/U3 3fr6fc 
^.MfUftSIPIlK 3 4 <7) y T 7 ? * >X X LC3l*s #©»5t 
(8) 7^x6n5. 
[0 114] 
[»8] 

v _ I (8) 



[0 115] 83$ (8) -^*6ft*M5U#}fl2]S&3 4 
(DiJTtZyXXLC&EL*?*^ (c) tf^T 
m 1 HB(sm!g<0M?iJttSiIs]K 1 4<D»^£mi;£a*. 
-TfcfetS. 'J7'-j7^>XXLC3^*ti1t14». tt3lft 
JSESS 1 4<D#JSJ3&« f 03^?l^f=$aiail®^-»ri4«i<!: 

»it (9) T§i6tl5. 
[0 116] 
[»9] 

[0 117] fifoT. 'J7 7 '7'S'>7.XlC3^ <I^JII>fi 
& f f 03* m^WRtts f (Ol^Cff^TOft^ 
&*(ciBiJDU f 03K&^'<K^T+»g**TiiJ)n 
f^o fl^O&lfcf tff 03*yiS^i5HT1*, f 
<h#K 'J J 7 -* £ >X X LC3»ifc* U f 03»=ifi"^ 

llPLT0lei|X^-r^o 
[0 118] S1 iJ7 7 <7*>XmS&3 0<D , JT<7'5'>X 
=K;U3 1 <D*)7**y7,Xwtm\\PiWm'& 
3 4(D'J7 , '?-?>XXLC3©«1T'»56 N 6x i J7''5"?> 
7.X3i(DJSjfiSil^14^ Ell 0 (b) £04 (c) £>JS 

(a) iC^fo 

[0 1 1 9] Ell 0 (a) fr6SE6 5^, S1 U 
7"7^ VX0SS3 0<7)g7"7^>XX3©Jl^litlt1t 

14 (04 (c) <tlHL:<tSlR]£-|#o 0 T^to^s 'J 

7'<?^>7.X3«, #sgji»!8f o3^3i^fcsaiaj»B' 
f 03* y f t^nmm^&m f 030& 

= 0 C0B$lC-fRPS;*:lc3:5 o ll^JS&lfc f f 03* »J B 

f 03^^* s 5±#-r^n:onT, V7<?*y 

[0 1 2 0] 01 0 (a) frSfESfr&J:-5K. 

y ^ •fs^;fi» f 6^sis>ft» f 03* y tMI* 
}$o^ici*, y t 7 f ^ >x x 3t*ffii5©£4>{ii£sx y 

•5*0 atw«aiiatt3 4o«auBa*fo3fl)« 
a. pfiU(D—r><Dm : A&L f 1 <t f 2<z>fau:ia3rr Ss&stf 

s-r*j«5a<SB' (*nicfl£-aTWttflfi« , b) fine 
)8?TSttt5. *oT, f os^i^JS^^ia^^ii 

tlCfcy. Bfa©7yf>yjl3B[|[f it f 2(C«tt«'J 

t 7 ^ ^ >x xs^mMcoiBic^n^njiiz: LTS^r « 

lit f 1 1 f 2t^fcHt * 'J T V 9 >X X 3CDfI^34lE LT« 



(14) 



ftffl2 0 0 0-3 6 7 2 1 



[0 1 2 1 ] 01 0 (a) ~ (b) IZ&^T. X31 (f 
1) (tX31 (f2) l*» f = f 1*i«ttf f = f 2tCj»ltS3 
1 (OU7 7 ^'5'>'XX3i<Dia^ ; E-n ; ?tl^L> 
X 3 (fi) tX3 (f2) t*> f = f 1*J«fctff = f2»C*5 
^*mi 'J7^^VX[h1K3 0<D'J7 , -?£>7.X3©fS 

[0 12 2] £1 i)T<7 4»X®S&3 oiasifz^y? 
>+t3 1, 3 2CD*-W\°v"SiV7.C^ Ci2«t=l-<;U3 
3(D-<>^iSf>XLi(Dffi^ mH«y7 
»fl, f 2<t^1 •>'7''5"S'>X[h]»3 OCDUZ'S'^VX 

<fc f£*ni*m*i£m LT*3fittU:iKSl!«*:KttTV < 

[0 12 3] ^fc, 010 (a) 6^^6*^=fc3lCx 

m 2 nssmitiTt*v ®ja»ft f iicfcttasg 1 y 
t^^vxesss ooijTtzyxxzomxs (fi> 

K*5tt3'J7 7 ?*>XX3<Df6X3 ( f 2) liftCMILfr 
13m£^<hl^fMPH« < ££>o Sg2Hfi6ffc!g<*)-f 
>tT-^>7. • ^^^V^IUSSI bt*. MSftf2&& 
l^T^1 •J7 7 <7-JJ>Xll]K3 Oro'JT'^'S'VXX 
3 (f2) £IE<D{I(c!»£?-£^tf££«^U:«:®fflT- 
LfrU «jtWf» MlcaS^C/bfll 1 sifismns* 



[0 12 4] #tc, IB2'>I7 , ^^VX[H]K4 01CO^T 
KiB^-r?)o 09 £01 2fre>B£6fr&cJ: -5 fcv ^2'JT 7 
•?^>X[l]»4 0timi 'J7"^^VXl2lK3 O&mCi 

«?a5*flD?» *1 i ;7 7 ->^vxtaa3 0KHT£±iE 

7.le]Sg4 0<7)'J7 T ?$v;*J!S?-r&fr , 5=]-<nU4 1 

y^^vxx^ii, ^<D»ie (10) T'^sn^o 

[0 12 5] 
[»1 0] 



[0 12 9] 3691J^[h]K4 4©i>»7"?^>XXlC4© 

m : Am$mt. H4 tc) t^mc *©»«B*«f 

04K3IWtlBlM**«ait£rsa*?#*S*i*. 

fc u ttaiftjuaw 4 4 ®M£js»tt f 04(**©*a 

(12) T4^.6tl«o 
[0 13 0] 
[»1 2] 

/• _ 1 (12) 

[0 13 1] ftoT. M?U«ffil2]ffi4 4(DU7 7 '>'5»>X 

x lc4«s e#jaa» f f 04<fc y 

Ttts f <D±#KffoT0frS«£4K*8fiQU fo4Ki£ 

-3< iconr +*rpb*£ tumkit*. n?jH»tt f f 
04 J: y >^bb?& f -t «ic y t 7 * * >x x 

LC4&&*KM'J>U f 04^54^5 < K^tlT-JfRPBrfcU: 

[0 13 2] 09 (b) C0SK«^5^56 S *J:? 

Sg2U7'?*>X[H]S&4 0<Z)'J7 7 *-S'>'XX4^ 
3Vt>^4 1 CD'J7''5'^>'XX41<!:<l£f l Jtt«lH]K4 4 
0DU7'-j7^VXXLC4^T*^ o i?T, 312 M7 7 ? 
*>X[°I3&4 0C0y7 , '?'S'>XX4(D/15S^ttlis El 

10 (b) £04 (c) (D® : ,m&m*'£mLTm*>ti 



(1 0) 



(2*/) C 21 

[0126] (10) T i ^^.6n^=l>7 r yt4 1 
(DU7 7 '?^VXX41^»» ! lt14l*. 010 (b) £H 

[0 12 7]f6^ 3Vfy+f4 2 3'f'/b4 3fr5i6:5 

M$iJ«ffi0S^4<Dy7 7 '7*VXXLC4^ 
(11) 
[0 12 8] 
[»1 1] 

(11) 



*. EftttBH 0 (a) 
[01 33] 01 0 (a) fr5fE6fr&J:5lC, SR2 'J 
T 7 * * 4 0 0 'J 7 5 $ >X X 4<DJI];&8mif 

tt» MfiJttSl2lK4 4(D i ;7 7 -?^>XXLC4^«^ 

(04 (c) #aa) tni:«iRi*»-a. ?&tai5, y 

fl^iH>fi» f tfftSJRsftft f 04©j4fll* N 6ffiT-r * ICO 

nr+JWi^sin^icw^u f = o©Btic-jsPfi^ 

IC^%. fl|*M3Hkf tff 04*ySt^i, f04<*>ififi? 
[0 1 34] 01 0 (a) fr6f£Sfr&J:-5Ks ff^JS 

»a f f 04* y 'J** tMi€-it-3«^icii. 

y 3 «o f f 04* y 

ma^-orosisa f it f 2<osT-s:x^<i:. sbe^ 



(15) 
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t f 2Kfctt * 'J * >X X4WfI*?43i LTffitlCfE 

[0 13 5] m2i)7<7f>xm$&4 0\zt5li%zi<f)\, 
ZIVxZ+M 1 , 4 2<0*-W\°v"5':<'7.C21* C22<t. 
□ -f;U4 3<D-<>'^'j7-SJVXL2<7)fB€-, mSCD^-y^ 

>^««stfiv f2<tm2'j7 , **>xias&4 0(Dyz 

So 

[0 13 6] 010 (a) ^6B^6fr%ck3ltx 

filthy f = f 2KfcW- ; & , J7 7 <7*>XX4<£fi! 

ttft©fflLfrim*^£l^iMHtf**. «£oT. ft2 

saKto-r vt-<rvx • 7y ? v^aB 1 bit jn 
f 2tcfc^Tm 2 y $ vxiu84 o co y t 7 ? * 

VXX 2 £IEcD{tKi&jer3#gtffc*^lcU:iIET s 
L#U ftfc&^fcft 1 ftfl®fc8g£fc 

i*^a?rom 3 ~m 4 ©*jwB«©i^r*ifr*»BT* c 

[0 13 7] JBLhafitfcJ:^ *%«4>ft2ftffiftil 

»f Itf2^fc^*jg1, I2U779>X|2ia3 0, 

4 0CD«J7 7 *-5'VXX3. X^i^ft^'ftjg^KtSJt 

5 (D&tl-O tf- #>X <h tli734aB? 3 ffliJtCjg^n/cS 
JS&0S&4' cOA73-<Vfcr--$f>X<t:«\ +#*in/c= 

JB&ft f 1<t f 2 820MHzt1 900MH 

z) **n^nd«s=oojBa«Keo(i**«ar*5/ 

[0 1 3 8] =<34>MftKf 1<tf 2l=fi^T* 

#VX • 7V^V7HftCDQC0ffiTteieE?"«ft73«* 

^pfi±T*«o -r&to-Ss -rvtf-^vx • -wry? 
[0139] *ie % «±o«na*»-3*2*awBtt©-f 

vtf— ?>x • 7y? i >?Btti blcj:y-o©JS»» 

Ell 1 *#HL*#5I»ET*. HI His * 

«c *i *jBe»o«*tra*»Cs -rve-i ?>x • ^ 

•y*>?Hft1 btffl^T* tH*J*?3(c»*!*nfc* 
Jg;&[H]S&4' £OA73-f>fcf-y>X*A734ffi?2lCg|ffi 

*nte*JB*H*5om*-f>t-y>^ (=5 on) 

[0 1 4 0] Ell 1 • * + — Hcfct^T. >5D 



i' tD2' tix aa^3icft»Mrnfc*H«Hia4' 

<0iS 4JB&H f 1 £ f 2l£fcW'£A73'f V tf-#>XCDffi 

ic^-n^nm-r^o ad-i' ^d 2 ' ti*s U7^^> 

Xittl^mE7'$5, 01 Hcfctt%*CDfteC0#S!S 

[0141] <f^ji-;&sstf i<t f 2i=a5w-** 1 y 

T 7 ^^ VX0SS 3 0 CD y 7^ £ > X X s^tvfttilMS 
fcffilcfS^U j^Di' <hD 2 ' ©JK^&T'KS'y^VX 
ffitf (1/5 OH) KftLCRA' ±CD^5Ci' i:C2' 

[0142] ^IC. ft«JB3Ktt f 1 1 f 2 Kfctt*m 2 'J 

VX0SS4 o(D [ j7 7 9& >x x4om*mmm 

l£U RA' ±»C**jSCi' <tC2' ©j«^*P3A' CO 
3, Sll7D!isB : ?3tJ<7)BJl?fiSK4' CDA7J-f 

>z-?>x(Dim. maoflrenftM fitf i<nwn 

\Z fe A73lS^ 2 ffllj(Oi95S JfilUK 5 CD 7D ■< V t '- ^ 
>X 5 0 OlC7-y f>yjtl5, 
[0143] dftlottLTs EISlC^L/c^^^JRcO 
-< Vt°—5f>X • T'V^V"?[US&1 10' Tli. 

oft&mtt*jm?&z° una, c:cosf3Re"j7-i*. ^ 

DV *7K5'^>7ftf (1/5 0O) icWLt^R 
A' ±CO^Cl' ICi&lfitf-e^xfcv iSD 2 ' ^RB±C0^ 
C3 $ T'^KjLT LI'PiSrSSo 
[0 1 44] J.X±^LfcJ:dtc, *^com2*S6HJ 

m2C7)i > /7''J'-5»>XlHlffi3 0t4 0««l2l1 2Kj5VT<fc3 

^«tR£«-^o/c«>. fa^s«» f 1 1 f 2Kfctt*m i y 

T'^-SfVXlHliKS ocoy7 7 ^^>xx3^-€-ti ; ?'nisa 

A±co^Ci' tC2' fc^ti^tUfMbtf-tts *coi£x fS 
f 1 1 f 2t=fel*«* 2 >J T<? Z 4 0 CO 

Ci' i:C2' co5tX^*IiiAO*T^i(jT*'-«i-?.c:i:6 ,i 7^ 
*. ^cojSS, M««Mttftf l<tf 2©3DD&Jca3^T» 
ffl/i;^l£lK5i:4' c0HT s -r>t:-'Sf>'Xc07-y^>'?" 

[0 14 5] (ft 3X801*8) HI 31*. *RHOft3 

*fismH!co-<vtr-^>7. • T^^vyiaKic^ffl-r^ 

ft1 •;7 , ^^>XHia5 0^-r[2]KHT'*?.o 
[0 14 6] Sfclca^teftlftSBBftO-f 
• ^-y^V^lHlKl a (H2#S8) TH*. Mftlltff 1 

C0B#lu y T 7 -? $i >X X 1* fctt X2# ftcOfitfc&OjK^tf 

t\ *fc* ft2XSftmHScDi'>t:-y>7.-7«y^>-7" 
HK1 b (HI 2#K3) 71*. ftfttttf f 2C0Bftcyz 
^ * V X X 3 $ li X 4««IEC0fi^C»^*^ 5 95 IC 

m3mimm<z>'f >tr— • 7-yfvf08m 



(16) 
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ft, W5V>m*W)r>%<, 
[0 14 7] 01 3lCj>l^T, ^1 iJ7^^>X@85 
0 lieaotD 'J 7 T, 5"S I 5 1 , 5 2, 5 3, 5 4fr 

7 7 -?2>X!£?5 2<fc5 314, +tA'->^>XCniC 
^S-^tl-FtlW-r^aV-^V-tTfe^o □1'/U5 4£>— 
#<D^£3V^>^5 34)— ^CD^W, «*HIIHP3 
lCttilS«!i-tlTt^o =1 -T ;U 5 4 <Dfft^©4S?i: =1 > 
^VT 5 3 Offt^OfiS^te, □ y^yt 5 2 <D — 2j©4S 
^iCttilJf^nTt^o ftoT, n-f/U5 4<hU>7 :; 
VJ5 3 liSlMcM^Jlc^* nTO^o riVxVtS 

2<Dfte7?roffi : ?ii=i'r;U5 i co— xom^&miEixT 

ZK/U5 1 <&f&£<0iimj\ A73l>S5?2tC^* 

[0 14 8] SLMCM9"JlcSiS38?n/cZI-<;U5 4<t=l> 
5 3 14, WJiJU&Si f O5***"*aWU«*0tt 5 
S^Ut^t*, <fcoT, mi 'J7"7*>X[e]S&5 014, 
A734SS^2<ha3734S^3 t<0BBT\ af/U5 1 <t3 Vr 
V*5 2 £M?U&*S[°]S&5 5 ttfS^luHWlCiMBa'n 

[0 14 9] Sgl l J7^$VX0K5 0©'J7^^>X 
X 5 WJI?&Smi5fel4, 1 (04 (b) #88) £: 

□ >f^5 2 (HI 0 (b) £tt3lftSlslIS5 
5 (04 (c) mm) ©H»imtt*$*8LT»Stl 
5o *trWi[, yz**VXX5©JBaMM*14tts 121 
4 (a) £010 (b) ©««WStt<D«fc:*Ll\, * 
n=601 4lc^r= 1211 4 3b s 60^6* x *«i:3lc, 
f l£ f 20W5D5»fc*3l' v ^ l J7''7^>XX5tiIEft^-r 

[0 15 0] 0jj*L£V»m2 'JT'^VXIsiaStt, il 
»s 11 y7*?*>:*Eltt5 0imi:illJ*£**i*tf» 

[0151] (flMSfltiftB) 01 514, *»W©*4 

[0 15 2] 01 l J7 7 ^^>XX 5 ' 
omi 'J7 7 ??>X[h]S&5 0 A14, Ea-p© l J7''?'Sf>X 
3R-?5 1s 5 2, 5 3, 5 4 6^6«SfiS*n*m3llfifiHJ 
JRCDffil 'J7"7^y7.SK5 0 (B13#SD KttL 
T, =0(7)'J7 , '7^VXiS?5 6i5 7^>tIinL/i:«m 



[0 15 3] 3Vt>^5 6 0D— 75rfl5«S?tn-<yl/5 7 
VtWS 6©^©*^£:a-nU5 7«>f6*©«7' 

Us «a««*nfc=iyT f >-y-5 3t=i-i'yi/5 4<o4S : ? 

fc3>fV^5 6^3^5 7tt v ASJRXft f 06** 

T*tt?j#fflHis&5 8*«ifirr*o j^t, »iut f ^ 

*>XElg&5 0 A14, A*J*f 2£B*|4*?3i:G>B 
T\ 3.fjU5 1 £3>7 r >-*5 2£ffi$UKJfiig»5 5£ 
ttSlftiilslttS 8#S,Sci«9Jlc»H»*tifclWe*» 

[0 1 5 4] 01 614, 4^<ftMJ&e&-3X4|imftB 

x 5 ' o!>n»imttia?s«. ens* « 3 stereo 

»1 U7 r ^*>XEItt5 0<0jSa»1#14 (01 4#8D 
&tt3lftSlHlK5 80)S»»«f14 (04 (c) #38) £ 

[0 1 5 5] 01 6frSB^6A N ^J:5tC, =OCDff^J§ 

xs' tt:mftt->-r'ft<E>fii i t>ix»H# ; 5o .tor, ±3*©* 

[0 15 6] Hi!*US:l^*2 'J VXESSte, il 

r si UT^-frvT.iHis&s o Atmi;«^t*n^ 
[0157] ±i&m4mmnm<D'fye-v>x 

[0 15 8] (m53l]5fim!g) ±a?Lfcmi~m4(05l 
fiftJ£fi!T-l4, mi, m2 0'J7'^^VX[H]K<DS>^^* , ' 

[0 15 9] 017 (a) 14, ^--V/NV^VXCoi^ 

o3vfvt6 1 cDfrfrmzvTVZyxisis&y 1 ^ 

^"T 0 d0'J7'^^>X[H]K7 1tD7 7 K5-y^>XYc 

14, scorns. (13) T-usnSo 

[0 16 0] 
[81 3] 



(17) 
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Y c - j(2xf)C t 



01 



(1 3) 



[0 1 6 1] MA (1 3) T^^.5n57 7 F5-y^>7. 
Yc©«aiM5tttt, HI 7 (b) {zm?&?lCftZ 0 

z<o&mt. 04 (b) <Dij7W>xxi-\omm&& 

[0 1 6 2] Ell 8 (a) lis 2 XL 01 

3-f;U6 2<D^e.3&5'J7 , ^^>XEia7 2^-T. 
C<DU7''?^VX|HlK7 2CD7 T K5 y^>XYL«. # 
<DStiC (14) T'4x6tl5. 

[0 16 3] 

[»1 4] 

K - ^J— (1 4) 

(2*/) A» 

[0 1 6 4] MA (1 4) 'WlStlST'KSv/^VX 

y 



[0 16 7] »5C (1 5) 7'4^.5tl57 K5 V*>X 

\\.a<ommm'mt. 019 (b) icii%rj:3t::tts. 
co^stst*, 04 (c) <nm&mmm&-i awt** 

ffi*g£-o<D«&)NI<hTStt^T^*Sft*o ft/cU 
f 0 l*iS?y#ljS[H]Sg8 1 <DXM® : &&.T\ (1 
6) T-§-*.6*l£o 

[0 16 8] 

[»1 6] 

1 



/o- 



(1 6) 



[0 16 9] 02 0 (a) «\ 019 (a) <DiI$iJ#Sg 
SSS8 1IC. *-vy\V-5'>XCo2 : &}t'^=l>7 1 > H t6 3 
£M?J£J&LT&£U7'?*>X[°]S&7 4:&5Vr„ 
'J7^^VXl2ia(7 4(D7 \?=-y$>XY-[Om : &&& 

mt. 020 (b) ic^-Tctatc^^o z.<D&mt. 0 

4 (a) CI1 'jy-^r/XIUSgl 0 a©U7'-?-?>X 
[0 17 0] *^Wm5*fiSJf^(D-f >tr-^>x • 

7 7f>^@aiT-(t mi jjj:u : m2(DU7 7 ^^>xi£i 

SiLT, 02 0 (a) 4>'J7''J'£>'7.l2]S&7 4£teffl 

[0171] 7 7 K5 y^>'X«'r>t-^>7.a5aaaic 
tt* 020 (a) {D'jytzyx®®,? 4*m^tcm-s 



Yi<Dm : ,&&&mt. 018 (b) icijV*-<J:3ic&«. 

010 (b) <DU7'^^>XX3i0)g3Z» 
1t14«h|5lL:^lRj€rf#0„ 
[0 1 6 5] 01 9 (a) It. *-WC->£>7.Coi£JS 

ozivxv-y-6 1 <h -r Loi*fto=i-ou6 2 

£lS?JlC&&LT&*g7'<7*VX0S&7 3£;jVro a 
vf>t6 1 <h=K >l>6 2frS&30S&«:, #JIJa&a 
f oW3i!?!miSI3Sg8 1 ZW'JT 7 ** 
VXES&7 3 (r«t>-6K$<JMSIsltt8 1 ) K5 V 
^>XYlc«s &<£&5£ (15) 7-4*5tl5o 

[0 16 6] 

[»1 5] 

(1 5) 



7.) £*ft?nSS&<IfCi8zrr*c:<hU:<i:c>T\ «^ 

js%ft f i<t f 2fc&v%&m : ,m&4<DXf}<<>¥-'? 

[0 17 2] (1l!6ftSBgtt) 02 1 (a) H, B19 
(a) <DW.?Wm\°18<8 1 IC, -O^S >XL 0 2£W 
r £=K;l/ 6 4 £M5'J&^ LTfc* 'J * >XESS 7 
5=&sjVr. C£DU7''?'S'VX[Il8&7 5CD7" KS y£>X 
Y2©«a»Wtttt» 019 (b) £018 (b) <D® 
&81#14<Z>faT-35£frSs 02 1 (b) K5Vr<fc-5lc£ 
S„ d^ttlis 010 (a) <D>JT9Z>X1s\&2 0 

[0173] *»S6»jw<vt:-y>7 • 

V-y^V^ESSTti, Ml fcJ:t>m2CD'J7'?*>Xl2] 
Sg<hLT\ 02 1 (a) ©'JT^VXEli^ 5£teffl 
^<0fft<75«J5gl*v m2HS6ffJfg(D ; 5-ni:^)L:T* 

So 

[0 174] i^l^MWM) 02 2 (a) li, 01 9 
(a) cDfi5iJ«il[2lK8 1 ICs *-Wr>*>XCo2£*r 
-r^a Vf Vit 6 3 t-f £ >X L (tt^fS^-r 
>l/ 6 4 £ SttSltttft L T * £ U T 7 * 2 > X ESS 7 6 «S 
fo Jl<DU7 7 ^^VXlslK7 e©/ 7 K5>yS«>XY3(D 
JR%ttffi1£(** 02 1 (b) £017 (b) QM&fttt 
tt^jfQTfeS^Ss 02 2 (b) fc5Vr<fc-3tt££o ' 
<D*#ttl*. 01 3<D'J7 7 ?*>X[h]S&5 OWUT'^'S'V 
XX5(7)Jl;fi»1ttt (014#Sa) <h|HC«5lR]£JtC>. 

[0175] *WR<Dm7mmBm<D'(>¥— ?>x • 

?-yfvya*7tt. mi 33J: 7 J : m2CD l J7'7'?>XlHl 
K«t LTs 02 2 (a) CDU7-^^VX[2]K7 6«-ffiffl 



(18) 
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[0 17 6] (S&8Hfl6»Jg) 02 3 (a) tt, 01 9 

(a) (DB.ymm\sit&8 i *ntrai;«i**»-3iB 
5iJtt«ts]K8 2<t, *-w\ 0 ->*yxco2£W-r£n>7 ;: 

>+f63t> 'T>^'5'>XLo2 : &*T5=1'f';l/6 4i: 
£&?J£*SLT&*U7'**;/X[h]&7 7*;*?-,, iS^J 

#S5ls]S&8 2ii, *-w«->*yxcoi' fcfcoavx;/ 

+f6 1' fc-f>$T**XLoi' S&OZI-OU6 2' 

[0 17 7] dCD'>/7'-?-5'>XlHlK7 6(^)7' KS«y*> 
XY4©»»W9tttts 02 2 (b) £:02O (b) <0 
JBSMMSttOjfQTfcStfSs 02 3 (b) iCiST <fc 5 
C©1ttti*» 01 5<D'J7'?*>XIh]S&5 0 A© 

y^*** vxx 5 ' ©js&smtt (01 6#sg) tnu 

fli|p)^}t0 0 02 0 (b) fcfcl^T, f02' S9J« 
JS0S&8 20DftSS5ft»T**o 

[0178] *mw<D&8nmm<D'C • 
w^v^iggm*. jbi *3j:t>'m2CD | ;7'-5'^>x[s] 

KiLT, 02 3 (a) ©y7***>*EI(&7 7*«B 
[0 17 9] (ttBKM) @2 4lt 

$>x • wy-v^na»<o«ffltt«*s-r0ttHTa6 

[0 18 0] T> : ri-mz&l l i<Z>fttc7-<ll'ZF 1 <hS 
X • ^•y^vysSSl a' tfRl* 6 tu iBiljflZlH]SS4<D 

h^v-^x^T r £mm»s*v-micmt%i\Tc7'fti> 

£F 2<t(7)P^lCs -Ofcf-^VX • V7f>^0»1 
a' ' #»W'5ftTU k *. -OkT-^VX • ^"y^V^ 
EJUS 1 a' t1a' ' tt. fhftu £lH86mig©m 
2'J7'^^VXlH]K2 0a (02#S8D d:*2ltWB« 
©mi 'J7 7 'J'^>X[£lK3 0 (01 2#RD »6W«« 

So 

[0181] 0251*. *$#8©f Vtf-'SOX • 
*><?[I]S&*0 3 8 £fct*0 3 9 iC^rSKW^Sfl 

12 5m 8 2 0MH zfi 1 9 0 0MH z3&£0ffiJII 

<0§^l^©j57D^iiitST*^Bi§SK«ii|eS1 0 2 c£ 
flaCTV*. ^-nJ.Xn©«^*0 3 9^t\t^T^ 
Z> 0 Z.<D\s\3&mi$,t?Z>Ctiz£V. ftJUsftHMBI o 
2cl*03 5 (b) lC^r»3S%VSWR- f 

[0 18 2] (mmm) 02 6~02 7tt, XftWO'C 
yfcf— ?>X • 7-y^>"7l23»©Smi5iJ«r^-rEK0T- 
$5o 



[0 18 3] jticat^/cj:-?^, *^com 1 mmm 

(0 2#B8) li rL-L77fV^j <D«lJS«&«. m 
25lfiSfK«g (01 2#f»S) li rc-C7->f>^J ©« 

[0 18 4] ffc*^ 02 6 (a) It, ft3fc<D — 
C^-y^>^J <D*im©'r>t-'Sf>X • ^v^>^0 

ttfczi 1-/1/1 3 2iu A^^2<haS7J4ir?3<DPiSK& 

[0 18 5] C©Ml^JST%*«i©'fV^-^> 
X • ^•y5 1 >"7'IslKl*> fiiaB'02 6 (b) lc^-TJ:3 

Kmimztez. 026 (b) n>©#sM?*tts sisj: 

[0 186] 027 (a) it. ft#© rc-L7"y^> 

tea-on 3 3*^s«ifiK*n«o 

[0 18 7] C©«!^c>r>fFSr^*^(D-l'>k°-'Sf> 
X • ?«y*>?B]S&^ #J*.tf'02 7 (b) lt^-TJ;-5 
&«tJ5)clc&£ 0 02 7 (b) SB 1 £ J: 

[0 18 8] 02 8~03 3t>. *H^©-f>k°-^> 
X-^-y^>^l£]KcOSfl515<J^-riH]K0Tfe5/)\ 0 
2 6~0 2 7,h{;i:Sfc*A A7J»H?2» 2' <tai*)4£? 
3, 3' cr>F f at;:*5tt£&-f Vfcf-r SfVX0«KO«MKO)* 

[0 18 9] 02 8ommz*it, <f vtr-y>x • 7? 

?V?QMnft 01 (a) tlBHfUU ^ft-Ftlf V fc? 

-^>xzi<tZ2=&ifc>*K *2o-r>t;-5r>xn 
ti-DX^o rts.tt. mi -rve-'Sfyxias&i 0© 
£fcs H2^>ti°-^>xii]ss2 o©-^ 

2' iaj73tS^3' lCttilS8!*tlTl^<, 
[0 19 0] 0 2 9^85T'lt -fVtT-^VX • 77 
?V?|9Mn& 01 (a) iliS^Uv ^tl-f'tlf > 
t:-^VXZi«hZ2iZ3 : &lt^K S2, 
>tf-^>XlslSi 1 0 i: 2 0 t 3 0' fr6»lfiB*ftTV 

s„ an. sg2©-f vtf--$f>x[H]sgi o<t2oii, a 

2 iitUTJiS^ 3 ©ST'StMciiy JlC^S tlT^ 
Zo S3^>tr-^>X0»3 0' ©-^©SS^li. « 
K m2©'T>e--Si , yX[£lKl 0«h2 Oroffiffij&Klg 
«**U fft^<D4s6?l*A73Sffi?2' 3' IC* 

[0191] 03o^)««m -rvtr— i fvx • 
^>-7"n]a5i5b\ 02 9^ip]«iCs zn^n* >\d—sr 

VXZ!tZ 2 <!:Z3^}fomi. SS2, m3<D-<Vtf- 



(19) 



2000-36721 



*>X0Sg1 04 2 04 3 0' fr<=>mi$21XT^%<, M 
Hye-^@K1 01*. A734S?-2«t2' COfSlz. 

VX0S& 2 0 £>-0<Dasmi, A7Ji>ir? 2 4 aj7j4ir? 3 

[0192] 031 omn&TM. -oe-^vx • W 

^>y0Kl*\ 01 (a) 4l*S&tK *tt'? i *Xl'> 
tf-#>XZi, Z2s Z3. Z4s Z5*l#^1> SB 

2, S3, $4, Sg5<£-f Vf-'SfVXlUKl 0t20 
t30' 440' 450' frSmj^S-ftTlASo *K 

msCO-Otf-^VXIslSI 0<t20i30' CO 

fcf— ?>X06S4O' i50' te, A7J4S^2' 4*73 
4S?3' (DFaTSlMcil^JlcS^tlTl^o IB 3 0 
fcf— ?VX[e]S&3 0' <7)-75©!iS?ti* SBK S2©-< 

>e-<f>70tt 1 o 4 2 o ©«»E^tc««iTjr^ fte£ 

©tt^ttHU* JS5«H'>k:-$r>XE«4 0' 45 
0' ©JMJIjSfclMatfftTl/'*. 
[0 19 3] 03 2 0SH*TW\ -f >tf-^>X • ?v 

*n*n-r>t:-4rvxzi» Z2. z 

3 . Z 4 ^0$K S2, S3, $g4<D<>£-*>X 
0S&1 04 2 04 3 0' 4 4 0' frS«lfiK**lTV>So 
Sgl -Otf—JfVXEIS&l Ott, A**? 2' 42' <D 

micttM^tiTt^s. *2f vt:-$ryxig»2 0B\ 
ytr-y>^@»3 0' aa^«s^3' 43- qihk 

SNtetlTl^S. JR4-fVtf-4fVXlHl»4 0' W\ A 
;W?2' 4 £73^? 3' <D«HC*«*ftTl/>*. 

[0194] a 3 3 ©sarrwu -otr-yvx • v-y 
?>?ibmii& *ft*ti-r>br-yvxzi, z 2 , z 

3**0*1, SB 2, S3©-fVtT— 5f>XEWl 0 4 

20430' frsti/awrttTi^o sbi -f>tf-? >x 

0SS1 Olt. A73fiS?2 4tU7Jl»aB?-3«DSt::Jg«?*nT 
SB2-f>fcf-< 5f>A0ffi2Ot*, A*>4irf2' 4 
tb73«g?3' ©IMHCftSMftlTV*. SB3f>fc°-?> 
X0S&3O' It, 4 3' (OP^lCffiSS? ttT 

[0 19 5] 02 8~03 3<Dg-f >fc.°-?>XIs]i&4 

[0 19 6] El 2 8~0 3 3 lC^Lfct<DJ-X^(C 

[0 19 7] ±aSL/cmi ~4(DH)imi6Tti, =Otf> 

KHStiHiifcax vtf-^vx* 5 o nic^-y ^y^-ra 

ttfc-SSA/TSS. S/-c, ±a!LfcSBl~8<D£fi6JUIlg 



$r>x • -vv+yymmz. m^nmz^m^nzi^ 
mmmz^mmpjmv&v. seic, -r>t?~ ?>x 

[0 19 8] 

$f>X • ^•y? 1 >-7*7J;£4fy t?-$>X • 

ifc^^tt^ntcfc^T. WIESBI [£]S&4fB2l£]Sga>-f 
> fcf-<$*>X£*-ttS<DE®fiSK? -y it* Z. 4 

<kr^j:4^prBg4^«o *6ic, -fvtf-^vx • ■? 
t\ 

[00<Z>!H#&l&lUn 

[01] (a) (**^<D-fVtf--^VX • V-y^>y 
IslKCDW^J^-riHlKEIs (b) t**5PJl£>£ 1 Hffi 

[ei 2] *&w(D&imffimi&cr><<>z— sox- v>v 
[ei 3] (a) \m2\ZK?&-\&mwMco'<y¥-'? 

Ek (b) li^©S2 'JT'^^VXH^IhIKEITS 

[04] (a) «H2tC^r-f >tf--5f>X • T<y^> 
^EJKlCfclt^lg 1 'J7 7 '?^>Xl2]K(7)U7"7^VXCi 
JS»»1t14EI. (b) tt^Sl 'J7 , <7^>xlH]i^lC« 
«?n/cn'f;KD'J7"?f >x©«a«»ttBi» (O 

(7) U 7"7 ^ VX<Dig;*i»1tttEIT*«o 
[05] 04 0lzm?'&&<D'f>£-?>X ' ^"V^V 
-7lHlSSa)lHlK07^%<, 

[06] 0 5ic^-r«f?R(D'r>tf-^>x • 

[HlffifDlil^^r X 5 X • + — hTS^o 

[07] 0 2 ic^rs 1 nfis^cD-rvt-^vx • v 

•y^vyiHiKcomi y7">^>XlH]K<Ditl^^-rX5 

X • 

[08] 04 0 K;jVrS£5fc£>Se 1 Olf-^VX • V<v 
^>y@tt(cfet^T» Z^i* >\'*=\> : r>+nzi 1 lz.rz'& 
jRWOtr-'SfVX • ^'y^V^0S&©ls]S&0T-25-5o 

[09] (a) 1111 2\rZnk?*ftW<0&2nmBmCD 

-< >tf— 5^>x • T>y^>y[°]fficoiii yj'^^vxisi 

S&4>IUS&0s (b) «^C0S2 yT-^^VXESScDIlliS 
07^5= 

[010] (a) lis^nsgmwro-rvk-^vx • v 

7f>^lslSiCSl 'J7''57-Si>X[2]&<Dy7'?£>XC0 

j§»SJt#lt0, (b) «^-roigi •jt'^^vxiiiki^ 



(20) 



2000-36721 



m *n/c □ > 9 >vo y t t * > x <»m s*mif0 t« 

So 

[011] *2»»BMMM'>£-$r>* 

[014] 01 3ic^-r*«^wm3Sifi^!ii(o<>fc; 

^©yT'y'frVXOJBattffltBrP**. 

[01 5] *«w©*4*j»g«8fl!)'rvb:-yvx«-7 
[016] 01 5tcsr*»woJU4*aBB*©'r>tf 

[017] □>T f V9'fl!>**»6ft*U7'^*VX0HHl!) 

[018] =l-l';KD^6^5 , J7''i'^>X[Hlffi(Dl£lK 
0£* *©7*KSy*>X0!)JBa»WttHT**. 
[01 9] iS5iJffi^*nfcav7 r >-9-i:a'r;l/^5*?. 

[0 2 0] *aW(0«5SHBB«©-f V^-^>7. • ^? 
y^VyTgttoyT'v'^VXSHWEtiWlSh** UVx 

swrftfca v?>W6 fc* y t 7 ? * vxes&des^ 
[021] *mi<on6XBB&ViOM>e-#>7> • v 

IJt*ftfc=J-f;MP5ft* U T 7 ** VX0tt©0»Hi:» 

[0 2 2] *5«Wroffi7*S©^JII©1'Vtf— S^VT. • "7 
y^V^lIlS&oyT'y^VASifcteteJBSft^ =1>^ 

[°]S&a)[H]S&0<!:s ^OT 7 K5 y ^ VX©JS»»i^140T* 

[023] *&w<Dn8&imm<D'Cy£— 

y^->^IalK©yZ'5'^>X0K»tffiffl*n*, s-n** 

□v^v-y-^s □-r/i/tsafcwtcjWMLTftsyT' 

^140T»«o 

[02 4] **w<D-r y*d-$yx • ■* , y ; ? L >y*iHis&* 



[2l£S0T»5o 
[02 5] *««©-<Vt:-y>7 • 7yf V^0B* 

038 $ fc«0 3 9 tcmTEBM&oitmmtzmm L/t 

[026] rL-C^y^V^j ©«fi8**#o^*<0-< 

vtr— •^•y9 L >y'@ast, *»w<0'rve-^ 

[02 7] rc-LTy^V^j 0*J«*»-3f8e*a>-f 
[02 8] Vtf-^VX • 

iSfflprtgSx aaii?»©iimea3W-*-r:/ 

[02 9] ♦RSO-Ot-^VX • ?7fV^Si« 
t-5rvxSBW)»NII©fl!lOWB«*SriS»HTa5 
[0 3 0] *SMIMX • Vy*V?BI&* 

[03 1] *»E©-r • Ty^VyTaS** 

tr-yryx0»<Dffi«t<3O5-6icffia)^«ij«'^riiia0 

[03 2] *«^<0'T>tf-y 7 V7. • 7*f>^SK* 

[03 3] *&Vfi<D<<>¥-?>7> • Vy^V^lslSgfc 
XHSS^SIrc©? 6 icfft© J»BW*i5Vr 0ttH 

[03 4] *wms«icttfflarft*ffi*©*— /tvKfi 

<Il°]S& (0 3 7 #PS) © V S W R £>jg>&$mit 0T35 

[0 3 5] m«ms*icffi«3-n*ffi*©=:/tv KS« 

0SS (03 8<h03 9#P,S) OVSWR©H3S»!tttBl 

[0 3 6] *w«e«icttffl*n*ffi*o=/^>KS« 

IslROV S W ROH3tRttttH7t%. 
[03 7] *»«l3HllCflM*n*«e*0*-/^VK« 

ffli0tto«ja«*5*rig»HT**. 

[0 3 8] «H*BHtlc«ffl*ti*«e*©r:/^v KS« 

[039] «»«Rs«icfleffl*ft*ffi*©=/«vKafli 

[04 0] SfSRO-Otf— ^V* • 



(21) 



&M2 0 0 0-36721 



1 x la -fVtf-^VX-^y^V^Stt 

2, 2' A^ffi^ 1 

3, 3' aa*? 

4, 4 r . 5 KjasftEia 

i o m i >f>fcf-^vxs» 

10a *1 y7 7 ^£>X[H]3& 

11,12 =i-r;u 

1 3 ZIV^V+J- 

1 4 M^JftfliESS 

2 0 3S2*fVt:-^VXlH|8& 
20a ^2U7 7 ^^>X[£]K 
2 1,22 =K/U 

2 3 ZlV^V+f 

2 4 M?U«}SlH]K 

3 0 JB1 'J7^^VXl£]a 

3 0' *3*f >tf-*>*igtt 

31, 32 ZlV^V+t 
3 3 3</U 

3 4 ttSJRSIsltt 

4 0 W2y7***:/XB« 



4 0' g4^e-y>XHB 

4 1 s 4 2 a>^>+f 

4 3 =K/U 

4 4 tt*|&fi[s»ft 

50, 50A JB1 iJT^^VXEHfc 

5 0' *5-f>fcf-y>XEItt 
5 1, 5 4, 5 7 

5 2, 5 3, 5 6 ZIVxVlJ 

5 5, 5 8 mmvasuti 

6 1 , 6 1 ' , 6 3 ZlV^V+t 
6 2, 6 2' , 64 13<;b 

8 1,82 mnMsian 

1 0 1 7>7"t' 

10 2c iSJ?G«i«1§g 

103 m : ,&&z*v 

10 4a, 104b m&9£M%s 

i o 5 *nm&m «§« 
1 o 6 anus 

1 1 0 



[01] 



[02] 



11 ) 
■ ) 



(BO 2) 



an -r ve-yvxia* 

10 



20 




(b) 



20. 




*i y7**>xii»CXi) 
4 




!~-20a 



CBD5 ) 



131 



112 



[05] 



110 
111 

— rjjjip — 
Mil 
(Xiu) 



CXna) 



132 



L--140 



77T 



(22) 



f$BB 2000-367 



[B3] 



[E4] 



(BD3> 



10a 



(b) 




— !— TroT 1 



2^, 
21 x 



r 



14 

M]*«M0Clci> 



20a 



L21 
(X21) 



t L22 
^22 



r'24 

*9J*ftig*(X L c2) 



(B4) 
(•) 



(b) 



(o) 




fl<f01<f2 



Xll 



Xll(f 2 ) 

Xn(fi) 
0 




Xlci 



Xlci Cfi) 
0 

XlC1<*2) 









Au^U ' 



[06] 



(■6) 




[H7] 



(B7) 



(23) 



1$ m 2000-36721 



[08] 



(BBS) 



131 ~<> 



F K 




,-140' 



[11 0] 



(HI O) 
(a) 



X 3 (fi) 
X 3 (fz) 





ii 
i 
i 


fl 


/ ! fa 


1 J 
i x 
i 


' f03j ! — ' 
' 1 s 




-"if 



<b) 



X31 



[09] 



(BB9) 
(•) 



K1 *>XH»CX3) 
3,0 




34 

»M#«BM<X LM ) 



(b) 




*fl**EI*CXLC4) 



/7Z 




(24) 



t#B82000-3 672 1 



[HI 2] 



[01 3] 



(09 1 2) 



30 



(HI 3) 



8? 



4- 



33 , 



ftJil&nfft 

4' 



3 r 



T 



41^-4 C r-40 / s 




(HI 4) 



X 5 (f 2 ) 
0 

X 5 (fi) 



VCfi)-- 



11 4] 



[El 6] 







/ i / i ^ 


fl i / 


|f<* / u 




| / fl<f05<f2 




(BS1 6) 

r 



(H1 7) 



50 




55 



[01 5] 



55 58 




50A 

*i ';t**>xe]*(X5) 



[E11 7] 



Coi 



s 

61 



Cb) Y C 




fi<fo5<f2<foe<f3 



(25) 



1112000-3 672 1 



[018] 



[01 9] 



(HI 8) 



(b) 



L01 

T 

62 



(BD1 9) 
(.) 



'J7**>X[e]*CYlc) 



o-+-nnrc> — 1 1— 

! s ^ 

! 62 61 



S-'- 81 



(b) 




[02 0] 



[02 1] 



CDQ20) 



(b) 



74 



cm 2 i > 



(b) 



75 



I nsw^ 



L01 C013 r--81 



64 



(26) 



15H2 0 0 0-3 672 1 



I22] 



[H2 3] 



CBB2 2) 
(a) 



(b) 



76 



i^" ( ^3 1 k iI 8 , !** E1B(YLo) 



64 , 



L 02 



C 02^63 



Y 3 





^. 






/ ✓ 

/ /• 


7 


/ ✓ 





(BB23) 

(•> 



(b> 



77 

**1J*«H»(Y L ^ 

rr^H F-h 



i . . r . I IfcW^HBGBK (Ylc') 



L62"; 



L02 



64 



Co2 ( 



63 









/ s' 

* 







[024] 



(BB24) 



30 

Rl 



ft 2 'JT^^VXB!tt(X z } 




3 ? Ci2 31 
Li <- 33 




«1 ■j7**:/XB*CXs) 



r--20a 

ft2'JT**>X0tt(X 2 ) 



(27) 



4$M2 000-36721 



[0 2 5] 



[026] 



(092 6) 

101 



102c 103 1W 



130MHz 





110 X-f 



-104b 



(BB27) 
(a) 



950MHz 1770MHz 



[027] 



i. 



1^4 



133 



2' 



7 



3' 



(B026) 



131 



132 J 



2' 



3' 



(b) 




[02 8] 



Cb) 











11 

C1 13 




r 4i^c z1 1 



r 




10a 



3' 



CBI2 8) 



2 ^ 



10 

^ „ 



z 2 



^20 

ma 



3' 



1 ■ 



(28) 



1$B82000-367 



[029] 



CBB2 9) 



10 



*2*f>tf- 
20 



r 



-30* 
*T^XH* 



— J V 



1 w>e-5f>x- 



[03 0] 



(■3 0) 



*2«obr-*>xH* 

20 



5 




10^ 



30' 



1 -r>e-*>x • 



[03 1] 



[03 2] 



(B3 1 ) 



r 



10 



40' 



5: 



-30' 

f>XB» 



Z4 











60' 

1 -OtT-$r>;* . 



4 



CBB3 2) 



10*-}- 
*VX(H* 



*2W>tr-5r>xa* 



40' 



2 



-30' 
f>XBH 



3* 



1 ^>tf-£>x • 



[03 3] 



[034] 



(BO 3 3) 



2 ^ 



10 

-z±: 1 a 



T 

20 



^30' 



3' 



1 <>tr-4r>x ■ 



(BB3 4) 
VSKR 











"820MHz 



(29) 



000-36721 



13 5] 



13 6] 



(EH 3 6) 



VSWR 




JIM*" 



(b) 



VSWR 




820MH^ J | ^jl900MHz 



[03 7] 



(■37) 
101 



105 



CB36) 
VSWR 




B20MHz 



1360MHz «*«** 



(DB38) 
101 



820MHz 
1900MHz 



102a 



ffl38] 



103a 



I FIM* 

105a 



ri 820MHz id30MHzri 

I— <S , J****** ^~o- ana 




C) J> 1 108 



105b 
I FflHH 



104a 



V 1770MHz 
104b 



I39] 



(0D3 9) 



101 



820MHz 
1900MHz 



102* 

J^jSS?? "3* T 106 



107 L^l 900MHz 

^<yf T j o 

102b 1 




h-104b 



104a 950MHz 1770MHz 



(30) ^582000-3 67 2 1 



[040] 



(H40) 




110 



140 120 



